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PREFACE. 



I 



This book is intended as a means of iustmction in 
Physiology and Hygiene for pupils and general read- 
era who iiave no previous knowledge on luedital sub- 
jects. The writer has endeavored to amtiige the 
statements and descriptions in audi a way that no an- 
atomical or physiological term should bo employed, 
the meaning of wliich has not been already explained 
in tJie text. For convenience of reference, however, 
ill cases where tliis explanation may have been over- 
looked or forgotten, a Glossary is added in the latter 
part of the book, v.'hich contains the meaning of all 
professional terms employed in the body of the work. 
A lai^ proportion of tlic complicated names and 
phrases rcijnired for tlie complete study of Anatomy 
and Physiology are entirely unnecessary for those 
who pursue it simply as a jiart of tlicir general edu- 
cation — that is, in the same way as they study Geog- 
raphy. Astronomy, or Mathematics. The most im- 
jwrtant, and, at the same time, tlie most interesting 
facts of Phpiology may be taught with success in a 
perfectly ghnpic manner, pronded they l>e given lu 
the proper order and in their natural relation to each 
otlier. It has been tlio aim of tlio present work to 
accompUsli this object ; and if it l>e found to have 
succeeded in tliat i-esiwct, it is ho[»d that it will lie 
an assistance to the teachei-s, parents, aud pupils for 
whose use it was designed. 

SewTork, ieC8. 
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PhtbioIjoot 18 tlie science wliich toRchcs as tlie 
natural actions of tbe living body, and the manner in 
vliich they are performed, it is vert- important for' 
OS to know what tlicsc actions arc, and how they take 
place, for two reasons : 

First, because we loarn in tliis way what kind of 
work the Uving body is capable of acconipliBhing, and 
to what uses it is adapted, bo that we inay be enabled 
to employ our natural powers to the best advantage, 
and not waste tliem by attempting what is UBclesa or 
impracticable. 

Secondly, by understanding tlie natural actions of 
our bodies, and how tiiey arc maintained in a healthy 
condition, we are enabled to avoid injuring them by 
improper treatment, and thus actually diminishing our 
vital powers, or etpoeing them to debility and disease. 
Nothing can be more important than this cither to 
our comfort, our usefulness, or even our mental im- 
provement. For the bodily fraane is tlie organization 
by which our animal life is maintained, through 
which all our knowledge of the world about ns is ac- 
quired, and by means of which alone all our designs 
are carried into execution. The knowledge of the 
mode in wliich health is to he maintained, and the 
bodily and mental powers kept unimpaired, consti- 
ttitee the science of Htgiene. 
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Tlie Btudy of physiologj', therefore, leads directly 
to that of hygiene, and the two are necessarily asso- 
ciated mth each other. 

In exiuniniiig the bodily frame, we ea^y see that it 
is composed of various parts, which differ from each 
other in size, apiwarance, texture, and location. In 
one region, for example, there is the heart, in anotlier 
tlie liver, iu another tlio brain ; while the surface is 
every where enveloped by the sensitive expansion of 
tlic skin. These different i>arts or portions of tlio 
body arc called its Organs. They are connected in 
such a way as to give to each other a mutual support, 
and to form by their union a complete bodily organi- 
zation. 

Now eacli one of tltese organs is intended for a 
particular use, which is necessary iu some way to tlie 
maintenance of life. Thus the heart circulates the 
blood, the lungs breathe, tlie liver produces tJie bile, 
the stomach digests the food, and the brain directs 
the movement of the limbs. The particular act or 
duty whicli each organ performs in this way is called 
its Funetio7i. Each function is different from every 
other, just as the oi^n whicli performs it is different 
from tlio rest; but tliey are all necessary to the 
healtiiy action of the wliole body. For the different 
f imctions are associated together like tlie different or- 
gans that porfonn tliem, and are in the same way 
mutually dependent. Thus the liver can not pro- 
duce bilo imless it be properly supplied with blood, 
and the blood will soon become poor and useleea U4- 
lesa tlic stomach continues to digest the food. 4^ 
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The whole body, accordingly, is made up of differ- 
ent organs, united with each other, and performing at 
the same time a vai'iety of functions. It in & kind of 
workshop in which various duties are performed by 
different workmen, while all combine to produce tlie 
^nal result. This residt is the complete and healtliy 
(actiWty of the entire frame. 

AVliile stndying, accordingly, in their regular order, 
the various animal fmictions, we find tliat they are 
naturally arranged in certain groups, which are dis- 
tiugoished from eadi other by the nature of the acta 
performed and the object to be accomplished by 
them. Some of these acts arc comparatively simple, 
othere more peculiar and complicated. We sliall iind 
that their study is facilitated by taking up first tho 
more eimpio of tho animal functions, and afterward 
in succession those whicli are more complex. 

These functions will accordingly be described in 
four different groups or sections. 

Section I.— The animal functions lielonging to tlie 
first group are entirely Meciianicai. in their nature. 
They are tliose by which the body is lield together 
by tlio articulation of its various parts ; by which the 
internal organs are protected from mechanical in- 
jurj- ; and by which tlie volmitary movements of the 
limbs and trunk are performed. This group com- 
prises tlio functions of the hones, tlic cartilages, the 
ligaments, the tendons, and the muscles. 

Section II. — The second group of functions are 
tJioee which are physical or cliemical in their nature, 
and ■which provide for the nourishment or NuTBrnoN 
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of the body. Tliis group icclndes a great variety of 
functions, whicli all tend, liowever, to the accompliali- 
ment of a single object, viz., the maintenance of the 
aoinial frame in ite proper condition of flesh, strength, 
and activity. We eliall study, in tliia diiieion of the 
Bubject, the ingredients and qualities of tlie food, its 
preparation, digestion, and absorption, the blood and 
its circulation, respiration, secretion, and the nntri- 
tion of the animal tissnes. 

Sectios III. — The tliird group includes the actions 
of the Nervous System. Tliese actions are qnite dif- 
ferent in tlieir nature from any of tlie preceding, and 
have for their ultimate object tlie guidance or regu- 
lation of the otlier functions. It is in the study of 
this group that we shall learn the action of the senses, 
of the will, of the instincts, of many invohmtary 
movements, and of the various operations of tlie 
mind. 

Section IV. — Finally, an important division of tlie 
Bnbject is that which relates to the changes in the 
functions of the body at different agee, to its growtli, 
adolescence, maturity, and Dkvelopmxiit. For tlio 
history of the animal fimctions is not entirely the 
Bamo at different ages, but undergoes various modifi- 
cations, like the external appearance of the frame, 
and the capacity of tlie mental and bodily powers, 
Tlie entire organization, therefore, is adapted to dif- 
ferent purjTOses at different ages, somewhat in the 
same way as the various organs are permanently de- 
voted to particular functiona. 
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PHYSIOLOGY AND HYGIENI 



GENERAL STBULTUItE AND MECHAKtSlI OF THE AMI 
FICAME, 

Thh BoitES. — Their Composition. — Thoir Slmcture. — The Skelelan. 
—Spinal Colamn. — TliB SktdL—relvis.—Tihia. — Bones of llie 
Tool. — Carratures of Ihc Skeleton. — Elaetic Ligamenlg. 

The Mdbcles. — Tlieir Contraction. — Itelaxslion. — Fleior and Es- 
Ifliuor Muscles. — Tendons. — Movement of Joints.— Walking. — 
Itunning. ^Leaping. ^Elasticity of tho Skeleton. — Enerclss of the 
Muscular Svslcm— lis Repose. 

1. Stmoture and Composition of the Bones.— The boily 
depends for its general form and solidity upon the bones. 
llic bones arc of various sizoe and shupcs in different 
parts of the frnrac, but they arc diHtinguiehcd from the 
other organs by being hard and rigid, instead of soft 
and yielding ; so that they arc adapted to siietain the 
other tissnes which arc attached to them, and to pro- 
tect the internal organs which they inclose more or 
less perfectly in interior cavities. Now the bones have 
this important qnality of hardness and rigidity because 
they contain, among other substances, a large propor- 
tion of a mineral ingredient. Tliis ingredient ifi Lime, 
wliich, in certain forms of combination, is united with 
UiG animal matter of the bones, and makes them firm 
and resisting. If the bones were composed entirely of 
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this mineral ingredient, thoy woiiM l>c stony aud brit- 
tle, like limestone or marble; but, in rfaliiy, tliey oon- 
aist partly of animal matter and partly of lime The 
lime gives them their eliffaess and i-eaislance, while the 
animal matter makes them, at the some time, eome- 
what tough and elastic ; so that they combine, to a cer- 
tain extent, the two qualities of stififnesa and elasticity. 
They are hard enough to sustain the weight of the 
body, and yet are not so brittle 'as to be easily broken. 
As a general rule, the bones are composed of about one 
half animal matter and one half mineral snb^tancc. 

Another important quality of the bones is their liffht- 
ncfs, whieh is combined in & proper degree with firm- 
pij. 1. ness and resistance. If they were en- 

I tirely dense and solid, they would be 
» heavy for motion, and would be 
I rather a load and impediment to the 
I animal body than a support aud assisl- 
I ance. But, in point of fact, the bones 
I are liollow (Figa 1 and 2), They are 
I covered every where on their exterior 
1 with a layer of very compact bony tis- 
, whidi acts as a firm and resisting 
I shell, wliilc in their interior there are 
I cavities occupying a large portion of 
1 the bony mass. In the middle of the 
\ bones of the limbs these cavities arn 
elongated and cylindrical, and are filled 
I with a soft vascular substance termed 
the Marrowy but their rounded ends 
open lenEihwiM. (joutain a multitude of small bony nee- 
dles aud filaments, which branch and imito in various 
directions, dividing the principal cavity into a great 
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number of Bmallor spnccs, and giving to ihti bono in 
Ibis situatioa a very tiiicly reticulated or lioiiey-cumbwdH 
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Btructure, By tbis means tlie bones are made ligbtei, 
wliilo tbey also preserve their firmness atid reBietance, 
and at the eame time give a secure fastening to tlio 
moBcleB and tendons which arc attached to their sur- 
face. 

2. General ansn^meDt of the Skeleton. — The bones 
are united to each other, by strong fibres or ligaments, 
into a connected Bcries or BTStem, which ia called the 
Sixleton. The skeleton is therefore a bony scaffolding 
or frame-work, which sustains by its physical solidity 
the other organs, and which gives its general configu- 
ration to the entire body. It consists, first of alJ.ofthQ 
" spinal column," or Back-bone (Fig. 3), which runs up 
and down along the middle tine of the back, and which 
can be readily felt in that situation, like a bony ridge, 
extending fiom the back of the neck to the region of 
the hips. This ridge is formed by a line of sharp 
prominences or " spines," each of which belongs to a 
W|»aratc bone; and as these bones are placed one upon 




another, like n pile oi- column, the en- 
tire Bcries lias accordingly received 
tlio name of the " spinal column." 
The bones of the spinal column, tnen- 
tf-six in number, are articulated and 
locked together by Tarious projec- 
tions, and fastened by llgamentH in 
eitch a way that it is capable of being 
maintained with sccHrity in the eroct 
jiofiition. It stands, therefore, as a 
kind of central upright pillar, around 
vhicli the other organs of the body 
arc grouped, and upon 'whicli tlicy 
depend for llicir support. It is the 
mo8t impoitant part of tho whole 
skeletun. 

Ttio spinal column sustmns upon 
its upper extremity the " eranium," 
or Skull, which is a liollow bony case 
containing the brain, and having at- 
tached to it the jaws and other jiarts 
of the frame -work of the face. Its 
lower extremity rests upon the " pel- 
vis," or Hip-lone, between tlie two 

■how tin mncuoo halves of wliich it is fastened like a 
of the priadi«] , , it, i- 

moKiea. wedge, and secured by strong liga- 

ments. Tlie pelvis is a bony expansion, very much like 
a btwin in sliape. and is intended to receive and sup- 
port tho oi'ganB of the lower part of the abdomen. By 
placing the hands upon the hips, we can easily feel the 
flaring edges of this basin -like bone, and can readily 
' understand how it serves to support tho intestines aud 
other organff placed above it. 
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The pelvis, in its tiim, rests upon the " femur," a 
great Thighrhont ; the largest and Htroiigcst single bone 
in the whole body. It is placed nearly straight up and 
doM-n, and is surrounded by the thick muscles of the 
ihigh. It is itself supported by the Tibia, or leg-bone, 
upon which it is placed, end for end. The tlhia is some- 
what triangular iu shape, and forms the sharp ridge 
which may bo fult on the front part of the leg below 
the knee. Lastly, the lower end of the tibia rests upon 
the bonea of the Foot. Tliese bones are arranged very 
much in the form of an arch ; for while the foot tonohes 
the ground by the point of the heel behind and tha ball 
of the toes in front, the bones between them r'lSft into a 
curved iigurc, forming at this part an arch or vault, 
called the "hollow of the foot." 

Now the bones of the foot arc not fastened immova- 
bly to each other, but are so connected by elastic bands 
and ligaments that they yield a little when pressed 
«pon, and again resume their nsual position when tho 
pressure is taken off. We can perceive this very dis- 
tinctly by bearing down upon the foot forcibly from 
above, when it spreads out a little, and afterward re- 
covers itself and returns to its original shape. 

The principal internal oi^ans, such as the heart, 
lungs, liver, stomach, and intestines, are contained in 
tiie cavities of tho chest and abdumen, being situated 
in front and on the sides of the spinal column. 

s. Balancing of the different parte of the Skeleton. — 
Tlie enth"e skeleton, therefore, forms a connected series 
or vertical frame of bones, which is so balanced that it 
may be kept in an upright position. 

The dlSerent parts of tho skeleton are not placed ex- 

itly in a straight line, one above another, but, on tha 
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contrarj', vary sorocwbat both in a. backward and for- 
ward direction. The bones of the foot are placed very 
obliquely, as wo have already seen, forming an arch. 
The tibia, which rests upon this arch, is the only bouc 
which ia exactly vertical. The femur is somewhat 
curved iu shape, and is also tipped forward, so that its 
Dpper extremity is articulated with the pelvis a little 
ill front of the junction of the pelvis with the spinal 
column above. And the spinal column itself has no 
less than three different curv-atures, which arc turned 
alternately in the backward and fomanl direction. 
Nevertheless, if we look at the diagram of the skel» 
Ion in Fig. 3, wo shall see that all these variations com- 
pensate for each other ; so that, although the skeleton 
is thus curved in its different parts, its general direc- 
tion is a straight one, and the weight of the head and 
upper part of the body rests almost exactly above the 
ankle-joint. 

But, as the different parts of the skeleton are movable 
at the joints or articulations, they must be fixed or 
steadied in some way, in order to keep the body in an 
upright position. This la accomplished by the follow- 
ing means. 

4. Aotion of the Ulastio LlgsmentB.— First of all, the 
body is held crtfl by a Bfrica of Elastic f^iffomenta, 
which are attached to the back pait of the spinal col- 
umn. This jointed column is so arranged that it is ca- 
frftble of moving in various directions, and especially 
of bending forward; and as the principal internal or- 
gans are situated in front of it, their weight would nat- 
urally cause it to bend over in this direction. But the 
spinal column is also provided throughout its entire 
Jength with bony eminences, projecting backward from 
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f posterior suriace. Xow between these eminenoi 
re are attached, from one end to the other, a succe»> ■ 
eioii of strong ligaments or bands, called the "elastic 
ligaments of the spiual column," because they arc cx- 
insible aad elastic like India-rubber. These ligaments 
Q sufficient to prevent the spinal column from yield- 
to the weight of tlic organs situated in front. 
Iten the back bone is bent forward by the aclion of _ 
3 muscles, the bony eminences on its posterior sa 
X, of course, are opened and separated from each o 
: like the sticks of a fan ; but allem-ard they t 

1 together as before by the elastic force of their 
IgamentK, and the spinal columu is again straightened. 
5. Btruotura and Action of the HoscIeB.— Secondly,- 
! skeleton is maintained in its upright position fa 
e action of the Mmcks. Tliese are the organs wbio 
3 attached to the ditfercnt parts of the skeleton i 
pcb a way as to control its moYcmeuts. They fono'd 
Fij.t largo proportion of the whole r 

of the body, and constitute the fi 
and ruddy fibrous I'lesh, which is 
found every where uudemealh the 
akin, which clothes the bones, and-a 
which envelops in a kind of mof 
cnlar sac the cavities of the chfll 
and abdomen. 

If the muscles be examined by 
the microscope (Fig, 4), they are 
seen to be composed of a great 
number of very small ^^m, too mi- 
nute to be seen by the naked eye, 
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placed side by side, and alt i 
Ding in nearly the same direotii 
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These fibres are mddy in color, and very <'lt'gantly 
marked by transverse lines or stripes, which run around 
them in a circular direction. The fibres ihcmeelves arc 
united into small bundles, of from 100 to 200 each, which 
are placed side by side with other similar bundles, bnt 
separated from them by a thin layer of loose inter\'en- 
ing tissue, called VeUalar Tiaaue. A number of thcso 
bundles are also united into larger bundles with cellu- 
lar tissue between them, and these again into still 
larger. Thus the entire muscle is made up of many 
bundles of parallel fibres, which can be separated from 
each other by careful dissection, and reduced to finer 
and finer divisions, nntil they become too small for the 
naked eye. It is this which gives to the muscular flesh 
its fibrous appearance an close examination. 

How the muscles, as we have described them above, 
are endowed with the power of Contraction. By this 
it is meant that the muscular fibres, when they are es- 
cited by the influence of the will, can shorten them- 
Belvee, so as to draw together any two points to which 
their ends are attached. Both ends of a muscle are 
never attacheil to one and the same bone, bnt between 
tlieir two attachments there is always an articulation 
or joint, wbicli allows of motion between one bone and 
the other. 

In contracting, therefore, the muscle draws the two 
bones to which it is attached nearer to each other. 

Wlienever a muscle contracts, it swells from side to 
side at the same time that its fibres arc shortened ; and 
very accurate experiments have shown that it increases 
in thickness in exactly the same proportion that it di- 
minisbes in length. It does not become, therefore, 
either larger or smaller during contraction, and only 
ohtnges its shape, bat not its siso. 
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If wc grasp with the fingers the muscles on the frool 
t of tlie arm above the elbow, we ean perceive thet 
mtraction whenever wo bend the elbow forcibly npi 
rard. At this time two changes in the muscle are difr^ 
tinctly felt. First, it swells, us we have already saidg 
and becomes prominent under the skin ; and, secoodlyj 
it becomes at the same moment harder and more resist^V 
ing to the touch. This increased hardness of the mus- 
cle during contraction is caaeed by the forcible tension 
of its fibres, which continues as long as tlioy remain in 

IiiCtivity. 
► The action of a muscle, accordingly, during contrao- 
Bon is as follows: it shortens in the direction of ita 
Imgth, enlarges in the direction of its thickness, and be- 
Bomea more tense and firm in consistency. 
' A muscle can remain in contraction only for a shorl 
time. After a few instants it returns to its former 
condition, becomes comparatively soft anil yielding, 
and censes to exert its force, so tliat it may be easily 
drawn out to its former length. Tliis state of the mus- 
cle is called its Sclaxation ; and when completely re- 
laxed, its fibres no longer e.tert any active effect upon 
the parts to which they arc attached. 

Every mnscle, accordingly, is alternately in one of 
two different slates, via., the state of active contrac 
tion or that of passive relaxation. 

6. Arrangement and Action of the Flexors and Esten' 
8018. — Nearly all the muscles of the body and limbs 
are so arranged in two different sets as to act altei^ 
nately with each other. One of these two sets is placed 
on the anterior, or front part, the other on the posteri- 
■-'tt', or back part ; ami when thrown into activity, they 
rr* to move the limb in two opposite directions, 
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Those which bend the joint arc called the FUxor nia» 
cles; those which straighten it are called the Sxte>u{a 
miiscleii. Thus the muscles on the back part of tho 
thigh draw the leg bactn-ard and bend the knee; they 
are thcreture the flexoi' muscles. Thoec on the anterior 
part of the Uiigh draw the leg forward and etmighten 
the knee; they are therefure the extensor muscles. On 
thu other hand, the muscles on the front pait of the 
arm, above the elbow, bend the arm at the elbow, and 
are flexors ; those on the back part straighten the el- 
bow, and are extensors. 

In this manner the movements of the body are ac- 
complished by the allemate contraction and relaxation 
of the two sets of muscles operating in different direc- 
tions [ for when the flexors contract, they bend the 
limb without any resistance from the extensors ; and 
when the flexors become relaxed, the extensors again 
straighten the limb as before. When both flexors and 
extensors are thrown into activity at the same moment, 
they make the limb rigid, and prevent its moving in 
either direction. 

But, as we have already seen, a muscle can remain in 
constant action for only a few seconds at a time. Aft- 
er a short period it must again become relaxed, not 
only to allow the oppoBite muscle to bend the limb in 
a different direction, but also to gain for itself new 
strength for auother movement; for the, force of the 
muscular fibres is more or less exhausted during con- 
traction, and again restored during relaxation. The 
muBCles, therefore, alternately expend their power while 
contracted, and regain it in the state of relaxation. It 
Is on this account that it is so exhausting to hold the 
arm or the leg outstretched in the same position for 
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■Kveral minitteB logi^tlicr, while tho Hamc limb may ba 
moved backward and Ibiwai'd during au equal period 
rithout any scuae of fatigue. For the same reason, it 
b more tiresome to stand upright and motionless for a 
MUiirter of an hour, than to walk about for tho smtu 
■Ogth of time, 

1 the ordinary movemenlB of the body, therefore, 
I the different muacles ai'e constantly changing from con- 
r traction to relaxation, and their natural vigor is thus 
[kept unimpaired. 

Accordingly, it is easy to see how the skeleton is 
tl erect by the action of the muscles, Tlie effect of 
) action is not that of a rigid and unyielding stiff- 
kesa, but a delicate and graceful balancing, which al- 
B of constant changes and inclinations of the body, 
ivithout its being thrown out of the upright position. 
Those muscles which are situated in front prevent the 
joints from bending backward, and those which are at- 
tached behind ]irevent their yielding in a forward di- 
rection. In the same manner, those which are placed 
npon the right and left sides of the body prevent its 
falling ia either direction laterally. Tlio muscles are 
like the stays which support the masts of a ship, only 
they arc not inanimate and passive, but active and 
movable in controlling the different parts of the skele- 
Tlie body can not remain upright for a single in- 
l without their aid; for, if the muscles be para- 
ifitad at any lime, as by an apoplexy, or a sudden Wow 
>on the head, the power of standing erect is instantly 
Hie head falls down npon the chest, the spinal 
Miltimn bends forward, tho thighs bend at the hip-jointi, 
the legs give way nt the knees, and the entire frame 
&llfl together in a collapsed and shapeless mass. But 
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vbilo the mtiaclcs retain their natural action by con- 
stantly drawing upon the different parts of the limba 
and trunk, alternately backward and forward and from 
side to side, they prevent any undue deviation, and 
maintaiu the body in the erect posture. 

7. Attachment and Hechanism of the Muscles. — The 
muscles of the limbs arc usually rather elongated iu 
shape, and Honicwiiat thinner at their two extremities 
than in the middle. At their upper extremities, as a 
general rule, they are quite closely attached to tlio 
bones; but at their lower extremities tbcy become 
more slender and tapering, and run iuto somewhat lonp 
and narrow rounded cords of white fibrous tissue, which 
arc called "sinews," or Tendo7is. These tendons have 
no i>ower of contraction like that of the muscidar fibres, 
nor can they be stretched like the elastic ligaments of 
the spinal column; they arc simply very strong and 
unyielding fibrous cords, by wliich the muscles arc at- 
tached to the bones upon which they are to act. When 
a muscle contracts, accordijigly, it draws upon the bone 
below, by means of the tendon which is inserted into 
it, exactly as a horse draws a loaded wagon by mcana 
of the leathern tugs and couplings of hia harness. 

The tendons arc usually inserted into the movable 
J art of a limb, at a short distance below the joint. Ac- 
eordingly, when the muscles contract, they act upon the 
limb with great rapidity; and a small amonnt of con- 
traction in the muscle will move the farther extremity 
of tiio limb over a considerable distance. Thus the 
hand and arm are raised, in bending the elbow-joint, by 
the action of the flexor muscles situated on the front 
of tiie upper arm, above tho elbow, called the Bice})* 
ikxor and tho Brachialis anticiis (Figure 5). Tlicy 
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aiisc from tlio bones of tbc shoulder and upper ann, 
wbcncc their fibres pass in a down ward direction, their 
tendons being finally inserted into the bones of the fore- 
arm jast below tlio elbow-joint, \\nion these muBcles 
contract they draw the fore-arm upward, moving it 
upon the elbow-joint lite a door upon its hinges, and 
thns raising any weight which is supported upon the 
bond or wrist. Tlie greater the weight which is to be 
lifted in this way, the greater the force which is ex- 
erted by the muscles ; and they may bo felt, according- 
ly, on the front of the upper arm, swelling and harden- 
ing at the moment of contraction exactly in proportion 
to the amount of strength put forth. Tlio tendon of 
the biceps may also be felt at the same time, just in 
front of the elbow-joint, made tense and rigid like a 
bowstring by the action of the muscle above. 

Nearly all the movements of the body and limbs arc 
performed by a mcehanism liko that just described. 
> Whatever variations occur are mainly due to the diTi ■ 
ferent constmctioii of the joints ; for, while some i 
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them, as the elbow-joint and the kiico-joint, are so ap 
ranged that they ctn move only backward and fom-ard 
like hingee, others, sneh as the ehoulder and hip joints, 
can be turned in various directions, or even carried 
round and round in a ciivle, or rotated by a kind of 
twisting motion, like the hand and fore-arm. But in all 
cases this is accomplished by the action of mnHcles, 
whose tendons are inserted into the bones in various di- 
rections, and which thus produce by their contrat^^tion 
the corresponding inovemctils. 

a. Movements of Walking, Ranaln^, and Leaping.-^ 
Tiie movements of WatAiiiff. Munninij, Leaping^ etc., 
are performed as follows: When the boily stands up- 
right, as in Fig. 3, the feet are planted flat npon the 
ground, bearing at once npon the heels behind and tliu 
ball of tlie toes in front, the weight of the body resting 
between the two, npon the middle of the arch of the 
foot. The body is maintained in this position, as wo 
have seen, by the various muscles, which act in such n 
way as to keep its different parts carefully balanced, 
and to retain the weight of the whole saspendcd exact- 
ly over the ankle-joint 

Now in walking, when a movement is to be execnted 
in advance, tlie body is Erst made to lean a little for- 
ward, so that its weight no longer remains above the 
ankle, but is thrown forward so as to rest cntii-ely upon 
the toes. The heel is then lifted from the ground by 
the action of the very strong mascles situated on the 
back part of the leg, called the Gagtrocnemtite and Soleus 
muscles. These mascles, M-hich come down from alwvo, 
form the fleshy mass which is known as the " Calf of the 
leg." They terminate in a strong cord-like tendon, 
called the "Tendon of Achilles," which is easily felt at 



the back part of the ankto-joint| * 
and which U attached to thfl 
projecting bone of the heel, 1 
termed the Calcancum (Fig. 8), J 
When these muscles contract^] 
lliey draw the heel upward by 1 
niL-ans of the tendon inserted | 
into it, and lifl in this way thi 
ankle-joint and the whole bodjj 
carrying it upwani and forward 
°4"pbj11i^ '" principal weight rcstinjf, i 
"TeodoD 01 Ad.moi.'^ already mentioned, over the ball | 

f the toes. 

The action of the leg and foot, in this movement, is 
the same with that by which vc might lift n weight 
from the gronnd with the aid of a lever. Suppose one 

rof a strong stick to rest upon the ground, and that 
stick bears upon its middle a heavy weight (Fig. ?). 

Then, by taking in the hand the other end of the stick, 
we may lift the weight exactly as the body is lifted, in 
walking, by the muscles of the leg and the ankle-hones. 
Al the moment that the body is raised and tilted 
forward in this way, the other foot is lifted entirely 
from the gronnd and swnng forward, so as to lake a 
■tep in advance. As soon as the body has been carried 
frr enough in an onward direction, the iecond foot i# 1 
B2 
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also raised in the sarao manner as before, vbile Urn 
first is swung forward in its turn to take another Btefk 
In tliis way the two legs act alternately, the weight of 
the body being carried forward first by one and then 
by the other; all the muBcles, however, uijon the two 
eided combiomg harmoniously in thiir action, so as to 
produce an easy, graceful, and continuous movement. 

In the act of walking, as above described, one foot is 
always upon the ground, and the weight of the body is 
mainly supported in this way by bearing upon the toes; 
it ia only lilled forward alternately on the two sides by 
the leverage of the bones of the foot. Consequently no 
violent muscular exertion is required, and the move- 
ment can be kept up for a long time without fatignc. 

The act of Rmminff, however, instead of being a 
seriea of steps, is performed by a succession of leaps 
or springs, in eaeb of which the whole body is thrown 
clear of the ground, and canied forward by the im- 
jietus which it has received. In order to accomplish 
this, at the moment the heel is about to be raised by 
the action of tlio muscles above described, the knee and 
hi|) joints are first bent, and then instantly straightened 
by the sudden contraction of their extensor muscles. 
The whole limb thus acts like a powerful spring, which, 
by its sudden extension, throws the entire body off the 
ground and carries it throngh the air in an onward di- 
rection. Tlie opposite limb is at the same lime thrown 
forwanl to receive the weight of the body, and to per- 
form, in its turn, and with a similar rapidity, the same 
movements. The speed of the runner depends on the 
vigor of the muscular contractions, and the swiftness 
with which the successive motions are pcrfoiTned. 

The act of Jumping k accomplished in a similar way 



TBB UUBCLESL 

. with lliat of running, except that the Bame motions nn 
^nxec-nted by both limbs together, bo that each leap if 
Ki-formed by itselfj and is not combined with the otl^ 
\8n into a continuous movement 

. Elasticity of the Bfceletoi:. — In all these various 
V.movcmeutH, the Iwdy is protected from the effect of 
|caddcn shocks and j»rs by important peculiarities of 
Mtructnrc and function. 

First of all, the bones themselTcs are elastic. TliU 
uticily is not very marked in degree for any single 
|t>one,bDt still it cziets every where, and is a quality of 
ionsiderablc importance for the entire skeleton. It is 
Bowing to the fact which has already been mentioned, 
viz., that the bones arc formed of an animal substance 
united with a combination of lime. The elasticity of 
the animal substance is much diminished in conse- 
LqncncG of its union with the mineral ingredient; but 
ftjRtill it does not disappear altogether, and the entire 
vbone therefore retains the property to a certain degree. 
In children and very young persons the quantity of 
lime in proportion to the animal substance is smaller 
tliau in adults, and their bones are consequently more 
flexible and clastic than at a later period. It is for this 
reason that the bones of young children are very sel- 
dom broken by falls or other accidents, while those of 
adults are more liable to injury from this cause. 

Secondly, the articulating ends of the bones are cov- 
ered with a layer of firm. India-rubber-like substance, 
I ealled Cartilage. In most of the movable joints there 
(arc two of these cartilages, firmly attached to the cor- 
Kponding bones, and moving smoothly and easily 
>on each other by their opposite aurfaces, which ar« 
lubricated with a transparent fluid. In the spinal col- 
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nrnn the principal cartilages ore quite thick and pulpy, 
lying, like so many elastic cushions, between the diffei^ 
ent bones of which the column is coiniMsed. All these 
cartilages bcttc to receive the shock of sudden blows 
or falls, and to dissipate their injurious effects. 

Thirdly, the Curvatures of the different parts of the 
skeleton have also an important influence in this n> 
ipeet. These curvatures are especially marked in the 
Bpinal colamn, which, in its natural petition, is bent al- 
ternately ill three different directions (Figtwe S), thus 
presenting a wavy or serpentine figure instead of a 
straight vertical line. The cousoquence of this is that, 
when it rcceivpH a sudden shock or impulse, it yields 
momentarily by increasing its curvatures, like a bow or 
spiral spring, and then recovers itself when the press- 
ure is relieved. All the bones of the limbs arc also 
slightly curved in their figure, and therefore contrib- 
ute, in some degree, to the same effect. 

10. ProteotiTS Action of the Muscles. — Lastly, an im- 
portant protecting influence is exerted by the action of 
the muscles; for in leaping, nmning, or jumping from 
ft high place, the body is never abandoned entirely to 
its own unassisted weight. Tlic muscles arc always 
employed in holding the limbs in the required position, 
and keeping them in readiness for other movements. 
When the body reaches the ground, the limbs bend at 
the joints, still controlled, however, by the estensor 
muscles; and these muscles immediately afterward 
react, again bringing the body into an erect position. 
In this manner a certain kind of elasticity, dependent 
Upoa muscular vigor, is communicateil to the mottona 
<ole frame, and protects it fivm the effect of 
lUBeions. 
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. Exerci86. — The natnral force of the mnsRnlar sys- 
i reqnires to be maintained by constant and regular 
If all the miiscIeB, or those of any particuloi 
t, be allowed to remain for a long time unused, they 
[oinish in siie, grow sorter, and finally become ahig- 
lish and debilitated, Ity use and exercise, on the con- 
', they maintain their vigor, continue plump and 
a to the touch, and retain all the characters of their 
^heitlthy orgRniEation. It is very important, therefore, 
that the muscles shonld be trained and exercised by 
siiflicient daily use. Too much confinement by seden- 
tary occapntions, in study, or by simple indulgence in 
indolent habits, will certainly impair the strength of 

»tiie body and injuriously affect the health. Every one 
brbo is in a healthy condition ehonld provide for the 
Itee use of the muscles by at least two hours' exercise 
each day ; and this exercieo can not be neglected with 
tmpnnity, any more than the due provision of clothing 
snd food. 

KTbc mnscnlar exercise of tb« body, in order to pn^ 
Dce its proper effect, should be rtffulitr and moderate 
t degree. It will not do for any person to remain in- 
Stive during the greater part of the week, and then 
ike an excessive amount of exercise on a single day. 
J) unnatural deficiency of this kind can not be com- 
pensated by an occasional excess. It is only a uniform 
and healthy acliou of the parts which stimulates the 
muscles, and provides for their nourislimenl and growth. 
Exercise which is so violent and long-continued as to 
proiluce exhaustion or unnatural fatigue is an injury 
instead of an advantage, and creates a waste and cx- 
unditure of the muscular force instead of its healthy 
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Walking is thereforo one of the most useful kinds of 
exercise, since it calls into ensy and moderale action 
nearly all llie mueclea of the body, and may bo con- 
tinued for a long time without fatigue. RiiUng on 
horseback is also cxceeilingly efficacious, particularly 
as it is accompanied by a certain amount of excitement 
and interest which acts as an agreeable and liealthy 
stimulus to the nervous system. Running and leaping, 
Iwing more violent, should bo used more Rparingly. 
For children, the rapid and continuous exercise which 
they spontuneonsly take in their various games and 
amusements in tho open air is the best. Tlio exact 
ijiiautity of exercise to bo taken is not precisely the 
same for different persons, but should bo measured by 
its efTcct. It is always beneficial when it has fully 
employed the muscular powers without pi-oducing any 
sense of excessive fatiguo or exhaustion. 

It should be remembered, also, that the object of ei:- 
erciso is not the mere ncigiiisition or increase of muscu- 
lar strsngth, but the proper maintenance of the general 
health. A special increase of strength may be produced 
to a very great extent by the constant practice or train- 
ing of particular muscles. Tlius the arms of the black- 
snuth and the legs of the dancer become developed in 
excessive proportions ; and by the contiimed practice, 
in a gymnasium, of raising weights, or carrying loads, 
the muscular system generally may be greatly increased 
in force. But this unusual muscular development is not 
necessary to health, and is not even particularly bene- 
ficial to it. The best condition is that in which all the 
different organs and systems of the body have their full 
and complete development, no one of them preponderv- 
ting excessively over the others. The most useful kind 



of eiercisc, accordingly, ia that which employB equal- 
ly all the limbs, and caltivates agility and freedom of 

>vemonl, na well as eimplc muscular Etrcugth. 

In all cases, also, tho exercise which is taken should 
be regular and uiiiforni in degree, and should be re- 
peated as nearly as possible fur the same time every 
day. 

12. Repose. — The muscular system requires, further- 
more, a daily period oi Repose. Tlils is uol only the 
interval between the periods of active exercise; for 
even while sitting, or standing, or engaged in ordinary 
quiescent occupations, we constantly employ some de- 
gree of muscular exertion. It is also necessary that all 
muscular activity be entirely suspended for a time, dur- 
ing the period of sleep ; for it is during sleep that tho 
main part of the nonriahmont of the tissues takes place, 
and the renovation of their active jKiwers is accomplish- 
ed. We feel, accordingly, a sense of refreshment and 
renewed vigor after sleep, which is owing in great meas- 
ure to the nourishment and repair of the muscular sys- 
tem. A privation of this necessary repose will inevita- 
bly show its effect, after a day or two, in diminished 
strength and the failure of tlie powers generally. The 
requisite amount of sleep, therefore, should always bo 
takei) at night with the same regularity that exercise 
is employed during the day; for it is by the uniform 
and alternate influence of both that tho muscular sys- 
tem is kept in the highest condition, and the geiwral 
health most effectually secured. 
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QUESTIONS FOB CHAPTER I. 
1, What is tlie use of the bonea ? 
t. How do they liifTer in conEistenir froin ihc other Drgtuu7 

5. What ingredient girea them (heir hardness ? 
4. What ingredient gires them tliedr elastkit; 7 
fi. Are the hones solid or hollow ? 

6. What ara their hollow parts tilled with ? 

7. novf are the hones ftslened to each other? 

8. What name is given to (ho whole series of bones nnltfd ta 
Cetherf 

9. What is the mo8l important pan of ihc skeleton ? 
— 10. Why is i[ eailed the "spinal column?" 

. What id Nippuried upon the upper end of the spinal column T 
IS. What is contained Hithin the cmniam? 

IS. Whsiiloes thelowerexiremity oflbespinal colunmtest tipcDf 
1*. What is tiie shape of the pelvis ? 

, What organs does the ]>cKis serve to tappcot? 
' IG. What is the hone of the thigh 7 
17. Wlial is the hone of the leg? 

IS. What is the form of the Iwny fromework of the Ibot? 
19. How does the foot move when pressed npon 7 
SO. Ar« the dlflerent parts of the skeleton stiaight or etured ? 

. How is the skeleton held upright? 
I 22. What are the "elastic ligBmenls," and where nrclbeysidinlo 
!&. Whnt are the muscles? 
24, Of •vbntarclhcy enmposcd? 
Su. What is the appearance of the muscalor fibres? 
V— 26, What peculiar property is possessed by the muselei? 

37. What effect is produced on the bone* by the contraction of thltj 
r nusclea? 

>. When a muscle contracts, how is its ihape altered 7 
29. How is it changed in eomiiitnc^ t 
SO. What is the relaxation of a muscle 7 

81. Whnl is the difference between a flexor mascic and Dl 
■or muscle 7 

82. When the flexor iniucles and extensor muscles both cof 
e time, what effect do tbey have on the limb 7 

33. When is the force of a masde expended 7 
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a bold ibe arm or leg contiauoust; in one 
turn lo boUnce the diOercni pans uf tha 



8(. Wben is it rest<>red ? 
35, Why » it lire. 

S6. How do iho a 
[lAeleton? 

S)7. By what are the moicles nttacbed to tbemovnblo bonei? 
as. Where ore the maBclus D(uai«d which bemi tlie elbow T 
311. Where ore llieir tendons inserted? 

40. What jointa more like a hinge? 

4 1 . Wtul joints nra be moved round in a circle ? 
43. How is the motion of walking perfurmed ? 

43. How is the motion of running performed? 

44. How are the motions of leaping and jumping perfortnedf 

45. How ia the hoij prolCPled from shocks nnd jura ? 

40. Why ore the bones of cliitdrcn more ^stic than thoM 
ladulifi? 

47. What or* the ends of the bones covered with? 

4g. What is the nae of the cariilngat 

49. What iaihe nxeof the mri'arureiof Iheskelctoat 
. How do (he vniicfei protect the bodjr tnatt injurj t 
. Why is exsrciite of the mnscles necessiuy lu heoltbT 

S2. How ahonld the cxercuie be taken ? 

(>3. What are the moitt nndul kinds of cxerciw I 

M. Why is repose necessary to health ? 

AS* What effect ■> produced by n want of natonl niecp t 
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Inorganic S&tntances. — Water. — Sail. — IJrae.— Other Inorganle 
Malten. — Slorch. — Its different Varieties.— Properties of Starch. 
— ItB conTersion into Sngar. — Sngar, — Wheace obIaiDed.-~l'ni|>ar- 
tinil in iho Food. — FerraeDtation of Sugar. — Fats. — Stoarine. — 
Margarine. — Olane. — CtTsisUizalion of Fai. — EmilMona. — Con- 
dition of Fat in Animal and Vegetable TiaBues. — liow exiracled. — 
Adipom TissuB. — Proportfon of Fal in the Food. —Alhnini nous 
Matter?, — Different kinds. — Coagnktion. — Fermenis. — PuErefno 
lion.— Proportion of Album inoaa Matters in Food. — All Ihe uutri- 
tioua Bubitances necc&sarj to Lift. 

13. Nature and Necessity of Food.— Under the term 
** food" arc irn:!udcd all those substances, both solid and 
liquid, which arc nccosaary for the nutrition of the body. 
The constant action of tho different organs in the liv- 
ing body requires a regular supply of nouriBhmont.by 
which their strength and activity may be maintained ; 
for these organs can not perform their allotted func- 
tions withotit undergoing a crnveponding waste of luO' 
terial, and this waste must be made good liy au appro- 
priate supply, if the organs ate to retain their powers, 
and the functions of life continue. 

The expenditure of material which thus takes place 
in the living body is not a simple physical disintegra- 
tion, as when the wheels and nxlee of a carriage wear 
out by mechanical friction ; it iu a kind of internal dc- 
wbich pervades every part of the animal 
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frame, and which is very nearly proportionate in amount 
to the activity of the organs themselves. It ia some- 
what like the consumption of water and fuel by a loco- 
motive engine, the water and fuel being used up and con- 
verted into Bmoke and steam, in order to enable the ma- 
chine to do its work. Somewhat in a similar way the 
active funcUous of tbe living body create a constant de- 
mand for nutritions food, which must be supplied with 
regularity in order to preserve tbeni in contuiued action. 

It is important to know, therefore, what are the nec- 
essary ingredients of the food, how tbey are prepared 
and combined, and in what manner they are absorbed 
and consumed by the living boiiy. 

14, Inorganic Subatancee. — In the first place, the food 
contains a large proportion of materials which arc call- 
ed Inorganio Suhatances. They are substances which 
are found every where in external nature, and which 
form a portion of the rocks, eartli, and running Gireams. 
It is on this account that they are termed inoi'ganic 
substances, because tlicy occur in unorganized bodies, 
and are not peculiar to animated bemgs. Tlicy arc 
found, however, also in the bodies of living animals, 
and tlierefore they must be present in similar propor- 
s in the food, for it is from this source alone that 
. all tbe materials of the animal frame are necessarily de- 
rived. 

Tlic first and most abundant of these inorganic bu)>- 
stances ia Water. Water is universally present in all 
the solids and fluids of the body. It is especially abun- 
dant in the blood and secretions, for it gives them their 
necessary fluidity, and enables them t4> dissolve all the 
important materials which tbey contain. 

But it is also an ingredient of the solid tissues; for 
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■ if WO take a miisclc or a cartilage, and expoec it to a gon- 
fctle heat in dry air, it loses water hy ernporaiioD, diniin- 
t-ishea in size and weight, and becomes dense and slitT. 
PEven the bones and teeth lose water by evaporation in 
Ithis way, though in Bmaller quantity. In all tlieso 
raaore solid parts of the body, the water which they coii- 
Itaia ia useful by giving them a. certain degree of soft- 
i and flexibility, which is necessary to their nsefuli 
Thus a tendon, in its natural condition, is 
tglistcning, and opaque; and, though very strong, 
vfectly flexible. If its water be expelled by cTapom* 
|"tion it becomes yellowish in color, shriveled, semi- 
W transparent, inflexible, and totally unfit for pf rforniiiiE; 
its mechanical functions. Tlio same thing ia true of 
the skin, mnficles, cartilages, and other soft parts. 
Tlie following list shows the proportion of water in 
, different toUds and fluids: 






Qdimtitt of Wateb II 




Bil«... 



. BSO 



Milk 887 

Pnnrnifltic jolce 9V0 

Lj^pli 9G0 

Gnslrit: juice OTIS 

Perspirnlioa 



WS 

According to the best calculations, wat«r constitute^ 
I in the human subject, between two thirds and three 
I quarH-ra of the entire weight of the body. 

Accordingly, water is also a very important clement 
|'«f the food. We require every day nearly three pounds 
Iwid a half as drink, either in the form of pure water, or 
lis that of tea, coffee, milk, or other fluids. Beside this, 
fhowever, the diftereiil kinds of solid food, such as bread, 




meat, ft c, all cuntaiii water as part of their eubetaiicc; 
80 that, counting all that U taken in botli solid and liq- 
uid food, we find that the cutirc qiiAiitity of water con- 
eumed every day by a healthy adult \a not less thau 
about four pounda and a half 

After being once introduced into the bo<1y and aU 
sorbcd by the tistiucs, tlio watvr is again discharged; 
tui' its usefulncee in the animal fi'ame, like that of tho 
other ingredients of the body, is uot pcnnancnt, but 
temporary. It does its work while passing through 
the animal organism; and, having accomplished this 
pur|>ose, it then makes its exit by various ways. A 
large proportion is discharged with the pcrepiratiou by 
the skin; another quantity is exhaled from tlic lungs 
with the breath ; while the rcmaindei' is discharged by 
the kidneys. 

Another inorganic ingredient of the food is common 
Salt, This substance exists in all jarls of ihc body, 
though usually in much less abundance tJian tlie water; 
and the animal frame, therefore, could not l)e properly 
nourished without it. It is found in the different solidd 
nod fluids in the following proportions: 

. QPABTITV Ot CuHMON SALT IK 1000 PAKTO IW TBW 



CaniUgea 
Milk 














Mucus 


G 



In the blood it is more abundant than all the other in- 
organic ingredients excepting water. 

Salt, accordingly, ia not only a uataral ingredient in 
most kinds of food, but we almost always take it in ad- 
dition, as a condiment, to increase the relish of many ar^ 
liclee of dieL This desire for salt is instinctive, and in- 
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dicaWs the natural craving of the system for somethiiig 
which is eBBculial to its organization. In many in- 
stances it must be given also to the lower animals, in 
order to provide fully for their nourishment. Fanners 
and atock-bi oedors, for this reason, habitually give it to 
horses, cattle, and sheep; and experience has shown 
that animals, when regularly supplied with a proper al- 
lowance of salt, are kept in much better condition than 
when they are fed only with hay, grain, and other veg- 
etable substances. 

Salt is also useful by exciting the action of the di- 
gestive secretionei.and assisting in this way the solution 
of the food ; for food which is tasteless, however nu- 
tritious its qualities may be, is taken with reluctance 
and digested with difficulty; while the attractive fla- 
vor which is developed by cooking, and by the addition 
of salt and other proper condiments, excites the secre- 
tion of the saliva and the gastric juice, and therefore 
facilitates digestion. The salt, introduced in this man- 
ner, is afterward absorbed by the blood-vessels from the 
intestine, and is deposited in the different tissues of the 
body. It is finally discharged in tlie mucus, perspira- 
tion, and other secreted fluids. 

The most important mineral ingredient of the food, 
next to common salt, is Ziimc We have already seen 
how abundant this substance is in the bonca It is also 
found in still larger quantity in the teeth. It exists 
beside, in smaller proportions, in all the other tissues 
and fluids of the body. It occurs principally in the 
jbrm of two difierent combinations, called "phosphate 
of lime" and " carbonate of lime," The first of these 

uBually the most abundant. Its proportion is sbowB 
in the following list: 

C 




r Pbobfbats o» Lmb w 1000 p 

Teeth C50 I Mnsclee 2.S 

Booea SCO Blood 0.3 

CutiUgta 40 I Guttk juice 0.1 

In tho blood, secretions, etc, the lime is in the liquid 
form, being dissolved by the wutcry pans of the animal 
fluids. In iho bones, teeth, cartilages, and otlter (inn 
tissues, it is solid, and intimately united with the ani- 
mal matters of these pans. It is useful here by giving 
to the tissues their proper eonsistcnee and solidity. In 
the enamel of tho teeth, whieh is almost entirely eom- 
poBcd of phosphate mid carbouatc of lime, we have a 
substance capable of grinding down by maatication all 
Fig. s. tho hardci' materials of the food, and of 

resisting unharmed the greatest amount 
of mechanical fiiction. In tho remain- 
ing portion of the teeth, or " ivory," tho 
lime is in smaller proponion, but still 
very abundant ; and in the bones it con- 
linues to fonu more than one half the en- 
tire substance of the tisRue. 

Its importance in communicating to 
the bones their natural stiffness and con- 
sistency may easily be seen from the ef 
feet produced by its removal. If any one 
of the long bones be soaked for a consid- 
l erable time in a mixture of water and 
' muriatic acid, the lime will be dissolved 
out, and the bone, which tims loses its 
imiii bona rigidity, may then be bent or twisted in 
iinutSier being any direction without breaking (Tig. 8), 
M«tid. If tho bones of the skeleton, therefore, 

ffcre destitute of mineral ingi-edjents, they would Wnd 
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R under the action of tho mugcles, and would bo entirely 
incapable of sustaining the weight of the body. 

Lime is contained, in sufficient quantity, in Yarious 

kinds of food, particularly in muscular flesb, in milk, 

and in the vegetable grains. 

Tlie other inorganic substances existing in the food 

1 'Ere combinations of iSor/fz, Potash, Magnesia, and Iron, 

I They are in much smaller qnantity than those already 

I mentioned, but serve by their presence, though in mi- 

r&ute proportion, to complete the constitution of tho 

I food, and provide for all the mineral ingredients neces- 

I sary to the formation of the tiesues. 

The inorganic substances, as a general rule, do not un- 
dergo any chemical change or decomposition in the in- 
terior of the body. They are absorbed with the food, 
and form, for a time, a part of the animal tissues ; aAcr 
which they are again discharged with the secretions, 
and replaced, in turn, by a fresh supply of similar ma- 
terials. Neverlhelesa, they are absolutely indispensa- 
I ble to the proper nourishmcDt of the body; and if the 
I tbod were entirely deprived of mineral ingredients, the 
f system would soon become seriously disordered and 
I veakened by their absence. 

15. Bttrch. — The next import.int ingredient of tho 
I food is Starch. 

This substance is familiar to all in the form of a light 
I vhite powder, which is used for various purposes in the 
t arts and in manufactures. When it is rubbed between 
I .the fingers it gives a peculiar crackling sensation to tho 
T touch, by which it can almost always be recognized. 
I But it is much more ccrtaiuly distinguished by its .ij> 
pearance when examined under tho microscope. It is 
MQ aeea to be composed of minute solid grains, which 
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are too smutl to be oecn by the naked cyo, but whicli 
have a very peculiar appcaniHcc when magnified. Dif- 
ferent kinds of Btarch can be distinguished from each 
other by the size and aajiecl 
jf their grains. In potato 
tirch, for example (Fig. 9), 
(he grains vary in size from 
Tshm to Thr of an iiicb in 
diameter. Tiiey are irregu- 
larly pear-shaped in form, 
and are marked by fine con- 
(.cntrie lines, as if the anb- 
stinee of the starch-grain 
had been deponited in layers, 
the Bui-faco of each there is a minute 
anged round this 




9 spot 

point, and the circular lines 
point as a centre, 

Fl;. 10. 



In wheat starch (Fig, 10) 
the grains are not so large 
as in that from the potato. 
They vary from luLn to 
T^TF of an inch in diameter. 
They are also nearly circu- 
lar in shape, but do not 
show any distinct concen- 
tric lines. Many of them 
are compressed or flattened 
EurchgninBorwbHtaonr. from Bide to side, so that 

they present a broad Burfkc« in one direction, and a 

narrow edge in the other. 
The starch grains of Indian com (Fig. 11) are of 

nearly the same size with those of wheat flour ; but 

(hey are ttBuaily more an^pilar and irregular in form. 
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■He- II- and are oflec marked with 

crossing or radiatiog liuei^ 
ait if they Lad been par- ' 
tially broken by pressure. 

Now all the starch which 
is used for food, for the arts, 
or in raanufactures, is ob- 
tained from plants. It is | 
not au inorganic substance, 
therefore, like water, salt, 
stnrciigtaiiMoriniiiuiconi. or- lime, but is a product of 
vegetable growth. Its minute grains are found packed 
away in the tissues of the plants, among their fibres, 
and in the interior of vegetable cells ; and are accumu- 
lated in various quantities in their tuberous roots, in 
the pith of their stems, or in their seeds and fruit. It 
forms at least one seventh of the whole substance of 
the potato, about one third of peas and beans, over one 
half of wheat, rye, and oats, and at least three quarters 
of rice and Indian com. Arrow-root is nothing but the 
starch Jrom the tuberous roots of a West Indian plant; 
Tapioca is stai'ch from the root of another plant, also 
from the West Indies ; and Sago is nearly pure starch 
from the pith of various kinds of palms. 

The exact quantity of starch in the more ordinary 
Articles of food is shown in the following list: 

QfAKTm OF Stabch ™ 100 rA.nT9 m 
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vegetable matter which contains it in abundancG, and 
(nixing it with cold water. The water is then strained 
And allowed to stand, when the starch afler a time Bet- 
ties to the bottom, and ia finally dried and powdered. 

Starch is not atfected by cold water ; bnt if it be 
boiled for a short time, its grains swell up, become 
transparent, absorb a large quantity of water, and at 
last melt away into a thin, grayish-looking fluid. When 
this fluid is allowed to cool, it sets or stiffens into a 
kind of pasty mass, which is quite solid if the stareli 
have been used in lai^c quantity. Bnt after this cook- 
ing process the separate grains are no longer to be dis- 
tinguished, and the whole is ehauged into a uniform 
homogeneous material, because the water has been per- 
manently absorbed by the starch, and is therefore re- 
tained in combination with its substance. 

Another very curious fact about starch is that by 
Tarious means it may be entirely altered in its quali- 
ties and converted into sugar. 

One mode of accomplishing this singular transforma- 
tion is the following: If starch be mingled with a very 
thin watery solution containing an acid, and boiled for 
a short time,it soon loses its grayish color, and becomes 
quite clear and transparent ; and if the boiling bo con- 
tinued for a longer period, all the starch finally disap- 
pears, and the solution is then found to have a sweet 
taste and to contain sngar. Tlie starch, in fact, has been 
consumed or altered, and sugar has taken its place. 

Some animal and vegetable substances have the pow- 
er of causing the same change. Thus, if a little saliva 
from the mouth be mixed with a solution of starch and 
then kept in a warm place, after a time the starch will 
be found to have disappeared and sugar to have bi'cn 



TOOD AMD rra INOBEDIEirrS. 65 

produced instead. Sometiiing of this kind happens in 
certmn vegetable tissues, especially in seeds during the 
first proeeaa of their growth or " germination," when a 
part of the starch whi<.')t lias been stored up in their 
substauce becomes changed spontaneously into sugar. 

We shall also find hereafter that the starch which is 
taken with the food is entirely changed in the procesa 
of digestioa None ofit, therefore, is to be found aftep- 
ward in any of the circulating fluids or secretions of 
the body. 

16. Sugar. — The next ingredient of the food is Stiffor, 
which, as we have already seen, is closely related to 
starch. Sngar is always readily distinguished by its 
sweet taste, a character which forme its most attract- 
ive quality. It is found in many animal and vegetable 
juices, being obtained principally from the juices of the 
sugar-cane, the rock maple, and the beet root ; but of 
these, the sugar-cane suppHoa much the largest quanti- 
ty. In its natural condition the sugar is dissolved in 
the vegetable fluids, where it is mingled with many 
other different substances. 

It is extracted in the following manner: 

The vegetable juices arc fii-st collected by crushing 
the fresh sugar-canes between iron rollers. The fluids 
obtained in this way are then healed with a solution of 
lime, which causes many of their impurities to separate 
and rise in a kind of scum upon the enrfacc. I^is is 
«arcfully removed, and the purified juice ia then boiled 
down until the sugar solidities as a brownish colored 
granular deposit. This brown sugar is again dissolved 
and farther seg^rated from its impurities by boiling and 
crystal tiling, until it ia at last obtained in a pure, white, 
granular crystalline mass. 
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Beet-Toot titffar, which is manufactured very exten 
sively in France, is prepared from the juices of tlte beet 
by a einiilar process to that just descrilwd, and is very 
pure, white, and cryBtallinc in appeai'ance. 

Maple euyar is prepared from the Bap of tho maple- 
tree, which runs freely, in the early part of the spring, 
from punctures made in the wood, and wliich is after 
ward boiled down until tlie Bugar Golidities. This sug- 
ar, however, can not be completely purified, and there- 
fore remains comparatively moist and brownish in color, 

MotaasM is the sweet residue of the vegetable jnices 
which can not be crystallised, and which also contains, 
mingled with it, various flavoring and coloi-ing mattery 
which impart to it a pccnliar taste. 

Sugar also exists in considerable quantity in milk, in 
boney, and in all tho sweetly-flavored fruits and vege- 
tables, such as apples, pears, grapes, com, flour, etc. 
The following list shows the quantity which is contain- 
ed in various articles of food; 



ng» 

Clierriw 


ca.fio 

18.18 






Rjcmeal 


11.S8 

1.45 




I2..',0 






■ 




a.oo 

cm 






S-eet BlmonO* 


Ilimmii milk 


6.JiO 



One of the most remarkable pi-operties of sugar is 
that it is capable of being decomposed in a peculiar 
manner, and converted into other sabstanccs by fir- 
mentatioit. Fermentation sometimes takes place epon- 
tancously, in warm weather, in molasses, honey, and 
otlicr liquids containing sugar; when they swell jDpwfej 
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come frotli J, and acquire a diffcronl taste and odor. It 
is also produced artificially for tbe purpose ol iiianufao 
turing wines and spirituous liquors. Ttiis process will 
be more fully explained hereafter. 

The sugar which is taken with the food is destroyed, 
like starch, iu the mterior of the body, and, excepting 
that contained in the milk, is never digcbarged during 
health with tbe secreted fluids. 

IT. FiitB, or Oleaginooa Substances. — The food also 
contains a considerable quantity of J^ls or Oleatfhioua 
tub^tnces. Tlie thta are obtuinijd fi'om both animal 
and vegetable tissues. They are exceedingly valuable, 
not only as articles of food, but also for frequent use in 
the arts and manufactures. 

We can readily distinguish fats and olcaginons mat- 
ters by their appearance to the eye, by their unctuous 
feel, and especially by their " lubricating" property, on 
account of which they are extensively nsed to facilitate 
the action of machinery, and prevent its being injured 
by friction. Now if any of tbese fats or oils be closely 
examined, they arc usually found to contain, mingled 
together, three different oleaginous substances, which 
are known by the names of Sleariite, Margarine, and 
Oleine. These substances resemble each other very 
closely in most respect?, but are principally distinguish- 
ed by their consistency. Stearine is the most solid snli- 
stauce of the three, margarine rather less so, and oleine 
>s the moat fluid. In their natural condition they art* 
usually mingled with each other in the animal and veg- 
stable tissues in difiercnt quantities. When the mix- 
Inre contains a larger proportion of stearine or margo- 
riue, it is more firm in consistency, like the various kinds 
of " fat," such as lard, tallow, wax, butter, etc. ; and 
r 2 
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when it contains a greater abandancc of oleine it ia 
more liquid, nnd we llierelbie call it an " oil." 

But when tliew substances are completely separated 
from each otJier and purified, the difference in their eon 
sistency is very marked. Tims stearitic is often made 
up by itself into candles, and remains perfectly solid 
until melted by the heat of the burning wick. On the 
other hand, olive oil, which consists mostly of oleine, h 
quite liquid at all ordinary temperatui'es. 

Generally spcakin};, however, these mi.xturea of the 
oleaginous substanecs in the human body are fluid, or 
nearly so, during life ; for the margarine and stcariiie 
which they contain are dissolved In the oleine by the 
warmth of the living body. But after death, when the 
body cools, the stcarine and margarine eometimes 8e]> 
arate from the mixture in a crystalline form, since the 
oleine can no longer retain in solution so large a quan- 
tity as it had dissolved while warm. 

Pij, ii_ The oleaginous substan- 

~ :c8 crystallize in very slen- 

Icr needles, which are al- 

vays more or leas radia- 

ed, sometimes straight, 

iiid sometimes curved and 

I wavy in their outline. 

I They frequently have a 

very elegantly branched or 

arborescent arrangement 

inuon la oleine; nu^niflfd. When ihcy are in a fluid 

state, the oleaginous matters show themselves uuder the 
form of rounded drops or globules, which vary exceed- 
ingly in aisie, but which may be easily recognised by 
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ILied : olelua fluid. 



their appearance under the 
microseoijc. They have a 
Hiint amber color, aud a 
very sharp, well - defined 
outline, showing a brilliant 
centre Burroiinded by a dark 
border. In Figure 13 these 
tluid oil-drops are seen min- 
gled with radiating crystaia 
of the more solid fat. 

One of the most import- 
ant characters of oil, and of 
all oleaginoQB matters, is that tlicy will not dissolve in 
water, nor remain in any way intimately mingled with 
it, so that it is even proverbial that " oil and water will 
not mir." For if the two liquids be violently shaken 
Dp together in a bottle so as to mingle them as thor- 
oughly as possible by mechanical agitation, as soon aa 
the mixture is allowed to remain at rest the oil at oneo 
begins to separate from the water, and, being lighter, 
s to the surface ; and after a short time all the oil 
will bo collected by itself at the top, and all the water 
ivill remain by itself at the bottom. So strong ia the 
repulsion between these two liquids in their natural 
condition. 

But it 18 very different when certain other substances 
arc added at the same time; for if some alkaline sub- 
■tance, such as potash or soda, be first dissolved in the 
■water, and the oil then gently shaken up with it, it im- 
mediately becomes separated into very fine particles, 
and uniformly disseminated through the whole mix- 
tore. The oil IS no longer liable to separate from the 
watery parts, even when left at rest, but the whole re- 
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mains as a untfoim, white, opaque, milky-looking fluid. 
Such a mixture of oily granuk-s uniformly suBpended in 
a watery liquid is termed an Emulsion. 

The same effect may be pi-odui'ed by some of the an* 
imal matters ; for if we take a fresh white of egg in its 
fluid condition, and shake it up thoroughly with a lit- 
tle oil, the whole becomes white and turbid, and re- 
miuns permanently in the state of an emulsion. This 
property is often found useliil in reducing oily sub- 
stances to a state of minute subdivision. 

The oleaginous matters exist in the auunai and vege- 
table tissues under a i>ecuUar form. For while they are 
always mutualJy dissolved and united with each other, 
as we have already seen, they do not disBotvc in water, 
nor do they combine with other substances, such as 
salt, starch, or sugar. On the contrary, they are depos- 
ited separately in dropn and gi-anules in the interstitis 
of the fibres, or in little cavities which are intended for 
their reception. Even in tlie animal fluids and seci-o- 
tions, such as milk, they are not dissolved in the watery 
parts, but arc suspended in them in the condition of mi- 
nute granules, forming an emulsion, as above described. 

Owing to this fact, the oils can be easily extracted 
from the organized tissues, for the most part, by simple 
mechanical means. The animal or vegetable tissues con- 
taining them are merely cut into small pieces, and then 
subjected to pressure, by which the oil is forced out 
from the parts in which it was entangled, and collected 
in a state of purity. Sometimes the operation ia assist- 
ed by heating the substances, and thus making the oily 
matters more liquid ; and sometimes they are boiled 
wiili water, when the oils rise to the top, ami may be 
skimmed oflT by themselves. No chemical changes 
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decompositioD, therefore, is requireJ, but tlie oils are 
aimply separated niecliauically from the pai'ts with 
vhicb they were naturally entangled. 

The tissue in which the oleaginous matters are most 
aboDdantly found in the animal body is called the 
" Fat," or the " A Ji])UHC tissue," It consists of a great 
Fi;.i4. number of little sacs or vesi- 

cles, each one com[>oBedof a 
thin trausparent membrane 
forming a closed cavity, in 
which the oily matter is 
contained {Fig. 1 4). These 
vesicles are associated ti> 
gether into masses or lul)- 
ules, aurronndedby cellular 
tissue, and supplied with 
HnDim tdipoM tissue. blood- vessels and nerves. 

Neither the blood-vessels nor the nerves, however, are 
very abundant; so that the adipose tiseue is not very 
sensitive, nor does it bleed freely when wounded. Il 
acts as a soft and delicate cushion, placed underneath 
the skin to protect the neighboring parts from injury; 
tind it also serves to retain the warmth of the internal 
organs, and prevents its being too rapidly dissipated. 
Consequently, those persons who are well provided with 
fat are much less readily chilled by exposure to cold 
than those who arc thin and emaciated. 

In some of the internal organs oily matters are de- 
posited in their tissue in the form of drops and glob- 
Dies. Tims, in the glandular cells of the liver (Fig, 15). 
ril is always found in more or less abundance, forming 
a natural part of their constitution. It is also fonnd 
in the cartilages of the ribs, and in some other silna 
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I tions; but always in separate globules and granule^ 
which may readily be distinguished by their appear* 
ance under the microseopc. 




the 



In tho millc, which is a kind of natural cmulsioi 
oily matters also exist in the Ibrm of little r 
globules, called the "milk globules" {Fig. 16). They 
constitute the HiUter of the milk, which, in its natural 
condition, is suspended in the watery liquid, and gives 
it its white and opaque appearance. By churning, 
these globules may be separated from the other ingre- 
dients of the milk, and rolleuteil into a anifonn mass. 
Oleaginous matters are taken In largo quantity with 
[ the food, mostly in butter, in milk, in the fat of meat, 
I and in some vegetable substances, such as olive oil, etc. 
The following list shows the proportion of oily matters 
in variooB kinds of food ; 

Qo*!iTrrT or Fat 

Tllberti 00.00 

CocouiBts 4T.0n 

32.00 

[ Tolkof CjCSB 28,00 

f Inilkn com 9-00 



tX 100 FAKTS IK 

Ordiniuyineat.... 14.30 

Liver of the ox 3.B9 

Cow's mOk „ 8.13 

Hainan milk 8.6S 

Gout's mUk 3.33 
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The fat which is taken with the food disappears for 
the most part iu the interior of the LoJy, liltc starch 
and sugar. A very little is secreted by certaiu glands 
ia the skin and about the roots of the huir, which 
serves to keep these parts soft and pliable. But this 
forms only a small portion of the whole ; the greater 
part of the oleaginons matters, except what is stored 
away in the adipoiie tissue, being used up and consumed 
for the nutrition of the body. 

16. AlbnminonB Matters. — The last class of substan- 
ces contained in the food are the Albttminoua matters. 
Tliese substances are peculiar in many respects, and 
Tcry important; for of all the solid ingredients of the 
body, they constitute considerably the largest part of 
its mass. They arc not composed of grains, like starch, 
nor are they ever crystalline in form, like sugar and 
fat ; but, even when solid, they are smooth and uniform 
in texture. Tliey have also a peculiar consistency, 
which combines in a remarkable degree the two quali- 
ties of softness and solidity. We may form an idea 
of this peculiar consistency by feeling of any of the in- 
ternal organs, such as the liver or heart of an ok, or a 
piece of mnscular flesh. These organs are firm enough 

I to retain their form and texture, and yet they arc soft 

to the touch. They have these qualities because thoy 

are composed in bo large a proportion of the albumi- 

lons matters. 

The albuminous matters are derived both from anl- 

I mai and vegetable sources, but they are most abundant, 
i a general rule, in animal substauces. It is for this 
taeon that animal food it>, for the most part, richer 

I and more nutritious than that which is composed of 

[ vegetables. 




The albuminous matters aro of varioas kinds, some 
of ihem being liquid in Ibeir natural condition, e 
them solid, and some of them having a consistency in- 
termediate between the two. Tliat which is most fa- 
miliar to us, and which has given its name to the whole 
tlass, ia AlbuTn&t, which is the principal ingredient in 
the white of egg. Another kind of albumen is also 
found in the blood, and is the most abundant of its ani- 
mal ingredients. Fibrine is also found in tite blood, 
though in smaller quantity than albumen. Ca»ehie is 
the albiuninous substance of ntilk, and when solidified 
forms the pr'mcipal ingredient of clicese. Gluten ia the 
albuminous matter of wheat flour, and Is an important 
clement in the making of bread. 

There are other albuminous substances found In va- 
rious kinds of food and the difierent parts of the body ; 
but those which we have already mentioned are the 
roost familiarly known, and will serve to represent the 
[leculiarities of the entire class. 

One of these peculiarities is the property of Coagtt- 
liUion. The albuminous matters which are naturally 
liijuid may be suddenly solidified in various ways, after 
which they are said to be " coagulated." Some of them 
may be coagulated by one mcthoil, others by a difler- 
ent one; and we may often distinguish one albuminoun 
substance from another by the particular method re- 
quired for its coagulation. 

Thus white of egg, in its natural state, is transparent, 
of a light amber color, and very nearly liquid ; but if 
il be heated to the temjjerature of boiling water, it co- 
agulates, and becomes solid, white, and opaque. 

Milk, on the other hand, may be boiled without coag- 
ulating; but if a little acid be added to it, such as vin- 
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\ egar or Ictnon-juice, iu caseine at once Bolidifics, and it 

t saaumcs the coagulated form. 

The fibrinc ut' the blood, again, coagulates without 
either boiling or the addition of an acid. If a little 
blood be drawn from the veius and received into a cup, 
it becomes clotted iii a few monientB by a spoutoueoua 
:haiige which takes place in its own suliBtance. 

Nothing similar to this property of coagulation be- 
longs to any other than the albuminous substances. 

Another peculiarity of the albuminous matters is 
that ihey bt-come Ferments. Tliis property is so im- 
portant that it will require a particular dcEcription. 
A "ferment" ia a material which, on being added iu 
email qimntity to other substances, causes in them a re- 
markable change and decomposition, oflcn accompanied 

■ by the production of bubbles of gas and the formation 
of entirely new ingredients. This change is called " fer- 
mentation." Thus, if a little yeast be added to a mix- 
ture of flour and water, and the whole kept in a warm 
place, the influence of tho yeast disseminates itself 
throughout the whole, and causes the entire mass to 
ferment. If milk be allowed to remain two or three 
days in a warm place, the caseine is partially altered. 
Mid then becomes a ferment, which changes the sugar 
uf the milk into an acid substance called "lactic acid;" 
when the acid thus produced reacts npon the rest of 
the caseine and coagulates it, as any other acid would 
do. This is the manner in which the ordinary souring 
and curdling of milk takes place. The souring of the 
milk b caused by the change or decomposition of the 
IT of the milk, and the curdling or coagulation la 

\ vansed by its acidity. 

Now a " ferment" is always composed of an albumi- 



noufl substance. This eubslance may not be perfectly 
fresh ; indeed, it is very often the case that the ferments 
most in nse are albuminous matters which are them- 
eelvea beginning to suffer decomposition. But when 
the ferment is introduced, in ever so small a quantity, 
into another mixture, it seems to act by contagion, and 
excites by its mere presence an extensive change, which 
often pervades the entire mass. 

A ferment always requires for its action two things : 
first, the presence of moisture ; and, secondly, a mod- 
erately warm temperature, between the two extremes 
of beat and cold. None of the ferments, therefore, will 
set if they are perfectly dry, and they are also inactive 
BO long as they are kept at a freezing temperature; 
but if supplied with moisture, they begin to act when 
the temperature rises, and become more, energetic as 
the warmth increases. Their activity ih nsunlly great- 
est about the temperature of the living body, or 100 de- 
grees Fahrenheit. Above this point they again become 
less active, and cease altogether when the temperature 
approaches that of boiling water. 

Lastly, the albuminous matters are the only onea 
liable to Putrefaction. Tliis is a peculiar kind of de- 
composition, which resembles, in many respects, that 
of fermentation. For example, one substance which is 
already partially decomposed will excite putrefaction 
in others of the same kind more quickly than if they 
were left to tliemselves ; and decayed fniit, as it ia 
well known, will rapidly contaminate sound fruit of the 
same kind, if left in contact with it. But still all sub- 
stances of an albuminous nature, if exposed to the air 
and moisture at warm temperatures, will after a time 
become putrefied ; that is, they decompose and liquefy, 
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ith the production of a variety of gases, of a { 
trly disagreeable odor, which are called " putrefactiri 
gases." Thus, whenever we perceive the odor of putre- 
faction, we know that some subsf ancc composed of al- 
bum inoue matter is undergoing dccompoBitioii. 
W Like fermeotation, putrefaction will not take plnca | 
nrithont moisture ; for meat or vegetable matters, if 1 
tboroaghly dried, will keep nnchanged for an indefinite 
period. Neither will it go on at a low temperature; 
and dead Bnbstances kept at the freezing point will not 
putrefy. The most complete preservation takes pboe 
when the two conditions of cold and dryness are com- | 
bincd. At the Hospiee of the Great St. Bernard, in 
Switzerland, a little over 8000 feet above the level of the 
sea, the bodies of travelers found frozen in the snow are 
EometimcB preserved for over twenty ycare. For, while 
Still at a freezing temperature, they become thoroughly 
.dried; and though after a long time they slowly crum- 
and become disintegrated, there is no putrefaction, 
nor any evolution of putrefactive gases. 

Finally, animal substances are also incapable of pu- 
trefaction at a very high temperature. Meat which 
has once been boiled changes much less rapidly than 
if exposed to the air when fresh; and if kept at the 
temperature of 200 or 300 degrees Fahrenheit, cither 
dries up altogether, or suffers a change entirely different 
putrefaiition. J 

following list shows the proportion of albuini- I 
in various kinds of food: 



ALUiTKinoDS Mat 

22.00 I Wiienl Hi 
\r>.-2S Oaoneal.. 
1S.7S I Milk 
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Albumiooiis matters, )iko etarcb, eugar, and oil, are 
aimoflt entirely loiisiiined and altered in the process uf 
nutrition, only a small portion of tbera being discliarged 
with the jierspii-aiion and other secreted fluids. By far 
the greater part disnppeara in the interior of the body. 

1 0. Necessity for all these Substances is the food. — 
From what lias already been said, it will easily be un- 
derstood that the food must contain^ in some /onn or 
Qt/ter, all the different clutsea of tubstancea above enu- 
merated. Food, from which either ono of the sub- 
Etanees necessary to nutrition is absent, although it 
may be nutritious for a time, will certainly fail, sooner 
or later, to keep up the proper organization of the 
body, and its deficiency will be inevitably felt. This 
ia tme even of the inorganic substances. A man might 
bo starved to death by keeping him on food which con- 
tiiins no lime or no Bait ; that is, afler a time he would 
become so feeble that slight causes would be sufficient 
to produce a fatal result. This would not happen so 
soon as if he were deprived of the more nutritious mat- 
ters, because they are required in larger quantity. But 
it would certainly take place at last ; for the mineral in- 
gredients of the body, though small in amount, are still 
^idispensable to health. We have already seen that 
they nre usually present in sufficient quantity in the 
snbstances used as food. 

Neither will any of the proper ingredients of the food 
be sufficient by themselves. Tlio experiment has been 
tried of feeding animals upon food containing only 
starch and sugar; and although such food is consumed 
with relish for a time, the animals soon become feeble 
and emaciated, and finally die of imperfect nutrition. 
In some inatances this exDeriment has been tried by 




medical men upon tlicrasclvcs, who liavu always found 
their health to sufibr after a few days of each diet, and 
who have never been ahln to continue it iudefinitely, 
owing to increasing debility and general disturbance 
of the system. 

A diet exclusively composed of fatty substances is 
equally incapable of Eupportlog life. This has been 
tried at various times oti quadrupeds and birds ; and it 
bus been found that after a short time, usually about 
tbree weeks, these animals, though abundantly fed with 
fat, die with all the symptoms of inanition. 

Lastly, the same thing is true cveu of the album!. 
nouB matters. These substances are usually considei^ 
od more nutritious than the others. But this is only 
because tbey are required in greater quantity than the 
rest, siuce they form bo large a proportion of the animal 
.tissues. The albuminous matters, if taken alone, are no 
more capable of supporting lifo indefinitely than starch, 
ingar, or oil ; and animals, when fed on pure fibrioe or 
pure albumen, become emaciated and at last die of in- 
anition, as in tire cases mentioned above. 

All these substances, therefore, must be combined, in 
order to make the food which contains them capable 
'Of sustaining life. 

Now it is found that cyery article of food which has 
teen universally recognized by the instinct of man as es- 
pecially valuable, does in reality contain these different 
ingredients, viz., 1st, water and mineral eubatauces ; 2d, 
oleaginous or starchy materials, or both ; and, 3d, some 
fimn of albuminous matter. This will be distinctly 

lown when we come to examine more particularly the 
'different kinds of alimentary substances. 
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QUESTIONS FOR CIIAPTEB H. 

1. What is the definition of " food i" 

2. Whnl ii tho food intended to tnpply? 

3. WhU are tbe " incirganic enbstances ?" 
i. Which is tLe mo«i abundant of tbe inorganic mgredients of the 

fcod? 

5. What parts of the body con lain rater t 

G. What is ilic use of water in the animal fluids? 

7. What propotlion of tho nhole body consists of 

8. licm much water is consulned per day bj a healthy ndulE f 

9. Docs the water retnun iu the body, or is it again dischai^sd 
from the syslem? 

ID. By Kliat channels is the water discharned from tho bodjT 
1 1. What is ihe next most important inorganic ingredient? 

19. In what anitnal fluid b tab mOBl nbnndanC ? 
IS. Why is sail useful as an anide of food ? 

- H. In what organs of tho body is fine most abundant ? 

Ii1. What effect is produced on the bones by dopriiinj; tl 
their lime? * 

IC. In whnt articles of food is lime contained? 

17. What ore the oiher inorganic ingredients of the body atid the 
fo«>d? 

la. Are Ihcy decomposed in tbe body, or discharged with the w 

10. What is the physical appearance of itardif 
30. From what sources is it obcnined ? 
21, What kinds of food cimtain (he largest qonatitiecoftti 
23. What is tbe mode of obtaining starch ftnra vegetables? 
2S. What is the olTect of boiling starcli with water ? 
S4. Is starch discharged again with the Becretions, oi 

within the body ? 

15. How may starch be conrerled into sugar t 

20. What is (he characteristic property of sugar? 
ST. From what sources issugarolitained? 
28. What is the process of extracting sagnr from canft-jidaol 

From the beet-root ? From ihc maple-tree? 
2D. WhatU>»a£u«Mr 

30. What other articles of fcKid coninin sugar ? 

31. Is tho sagar discharged with the aecrelianp, oi 
within tbe body ? 
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QUESTIONS. 

83. How are (hejalt or cUaginont mhtlnna* dUdnsoLibed ? 

SS. What ue the three roiictieii of tata ? 

Si. Hon do Ihej differ from each oibei? 

85. What is the appearance of their crTBlsla ? 

8G. Whnt i« thesppennuice of fluidoil-drt^? 

37, Can oil be diasolvod in water? 

8t). What hippcna if yotx shake up oil and n'uter together f 

3D. Whatisanm<ib<'oRr 
. 40. Whalsnbslances will convert oil into an emulsion? 

11. How do tlie futa exist in the interior of tlie body? L'l 
irith the other ingredient*, or acparaTe ? 

43, How can fiits be extracted from Dniiaal nnd v^elable tissi 

43. In what tisaucv of ibe bodj' arc the oteaKinoux mutters . 
abundant? 

41. Whol is the structore of fat. or adipose tissue ? 

4.1. What b its use in ihc luiinuil bod; ? 

4C. What is the appearance of the oleaginous matters in milk ? 

47. What other kinds of food contain fat? 

iS. Is tilt discharged with the secrcliona, or decomposed 
bod J? 

49. What is the last class nf ingredients of the Indii and ilie 

fiO. What ii the peculiar coasistency of the albnmi 

lil. Are the albuminous mattei'a more abundant in animal 
testable fixKl ? 

ns. What are the four princi^inl kinds of albuminons matten,aild 
where ore Ibej fonnd? 

53. Wliai is the process of coaRuUtion ? 

61. How can albumen be mngnlnted ? llowcaseinc? HowfibrlaeT 

Rj. Whatisfl/n-BiMlf 

se. What is the process of the eonring of milk ? 

G7. At what temperntnro does fermciitaiion tuke place? 

r.8. Whalispntiefnclion? 

TiO. Is pumfaclion commanicatcd from one 9nl>Blance to another 7 

60. How may pntrelactioo beprevcnlud? 

61. What kinds of food contain the ^ealesl abundance of ulbnmi' 
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tB? 

63. Are Ibe albuminous n; 



, in the animal ursiem ? 
G3. Can life be suBtained ii| 



&I. DoM the natural food c 



B diEcharged from the luxly, < 
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THE DIFTEBEKT KISD8 OF FOOD, 

PKEPABATION. 

Meat — ii» rompomlioTi. — Effect of CcxAing.— Eggs. — Comporiiion 

of llie IVTiire mid Tolli.— Milk — its Composilion.— Builer-how 

obtniriEd. — Cheese — \U Prejianition. — Bread — how mnde. — 

VbiibI. — Fernieiitatimi of Bread. — Baking. — Wine — its FermenW- 

Hnn.— Beer.— Vegcmbles.— Effect of Cooking on Veeclables.— 

Eiseiilial Qualilies of Food. — Nwessniy Qiuntily. 

2'>. Uest. — Mfat consials of tin; miiBcnlnr flesli of 

rai'ioiiB animab, minified witli more or less of fat or 

sdipose tissue. Of all the different varietien, Iwef is 

undoubtedly the most valuable and tlie most exten- 

Biveiy used. Mutton and venison bold tbc next place; 

then the flesh of fowls, the various kiiidB of game birds, 

and, lastly, fi^b. 

In ordbary meal we bave the albuminous substance 
of tbe muscular fibres and cellular tissue, and tbe ole- 
aginous matter of the (at, in about the following pro- 
portions : 

CouposmoN OF Obdinabv Bctcreb's Heat. 

«~^>"» '=™ I !Ma"m;,«;::.::::;:::::::Sll 

Fat. ralluliu- tinsne, etc l*.3 (l 

100.00 
Tlic preparation of meat for food consists in exposing 
it to a bigb temperature, usually by roasting or boiling. 
In roasting, the mentis simply cooked in its own juices; 
in boiling, it is cooked by Ibe aid of the boiling k 
The effect of the heat thus applied is as follows: 
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rPiret, the albumen which is present in the muecular 
flue is coagulated, and the muscular fibres thd'efore 

become rather firmer and more consistent than in the 
fresh tneaL 

I Secondly, the cellular tissue between the muscular 
fibres ia soflcucd and gelatinized, so that the fibres are 
more easily separated froia each other, and lh(< whole 
mass becomes more tender and easily digestible ; and, 
thirdly, the high temperature develops in the albumi- 
nous ingredients of the meat a peculiar and attractive 
flavor, which they did not possess before, and which 
excites in a healthy manner the digestive secretions, 
thus ser\'ing not only to please the taste, but also to 
assist in the digestion of the food. Raw meat, accord- 
ingly, is usually insipid and unattractive. It is only 
after it has been subjected to a certain amount of cook- 
ing that the desired flavor makes its appearance, fay 
which the appetite is stimulated, and the nutritious 
qualities of the food consequently improved. 
Tlie preparation of meat in cooking should be care- 
Atlly managed, so as to accomplish the results above> 
described. For if the heat bo insufficient, the proper 
flavor will not be developed ; and if it be excessive, 
I the meat, instead of being cooked, will be burned and 
I decomposed, and thus rendered useless for the purposes 
of nutrition. 

■21. Hggt. — Eggs cousiet of the " white," which is al- 
most entirely composed of albumen and mineral ingre- 
dients ; and the " yolk," in which a large proportion of 
■ oleaginous substance in a granular form is mingled 
. with the albuminous matter, giving it an opaque yet- 
>w color. The exact composition of the two parts is 
8 follows : 



74 PBTBIOLOOT AHS B7GIENB. 

CoMPOBrnoH or Egos. 

Wblta of Egg. Tdk of^ 

WbW 80.00 53,78 

Albumen and mucus \o.2S 12.75 

VeUow oil — 28.76 

Solla 4.72 4.78 

100.0U 100.IW 

When eggs are boiled or otherwise cooked, the albu- 
men, of course, is coagulated, aod becomes white Bud 
opaqac. "Vhe yolk aUo becomes firmer than before, bat 
etill remains less solid than the white, owing to the 
large [iroportion of oily matter niiDglcd with it. 

32. Milk.— Milk, whieh is the first food of the infant, 
represents more fully than Buy other single substauco 
a complete collection of all the alimeutary materials. 
It contains water; a full supply of mineral ingredients; 
caaeine, which is its albuminoas substance ; the roilk 
globules, which are oleaginous, and held in susponBion ; 
and sugar, which is dissolved in the watery parts. The 
proportion of these substances is as follows: 
Coxponrnos- oy Cows' Milk, 

Watar 87.02 | SugarofMLlk 4.77 

CoMine 4,48 Mineral ingrcdionii 0.00 

Boner 3.13 | lOO.UO 

The Butter of the milk, as we have already seen, is in 
the form of minute globules. The whole mixture is an 
" omuleion," in which the oleaginous matter is held in 
suspension, and disseminated through the watery fluid 
by the action of the albuminous cnselnc. Ttie milk glob- 
ules arc not perfectly fluid tike oil, but have a pasty or 
semi-solid consistency. Accordingly, they can be col- 
Iect«d and separated from the other ingredients in the 
form of batter. 
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For this purpose the fresh milk is plnccil in shallow 
pans, and allowed to remain undisturbed for twenty- 
four hour?. Daring this time the surplus quantity of 
the milk globules rise to the top, owing to their being 
lighter than the watery parts, and collect in a thick, 
densely white layer itpon the surlace. This npper layer 
"of flnid, which is richer than the rest in milk globules, 
is the "creaiQ." When a sufficient quantity of ci-cam 
has been collected, it is removed and placed in chums, 
where it is subjected to contiiiuons beating with wood- 
en ladles. By this process the milk globules are beaten 
together and made to cohere into a nniform, consistent, 
yellowish mass. Thia mass is the butter. 

The butter, however, when obtained in this way, still 
retains entangled with it some of the watery portions 
of the milk containing caseiiie, sngar, etc., in solution. 
These must be carefully removed ; for if the caseine bo 
allowed to remain, it soon begins to be altered, nets as 
a ferment, and then produces a change in the butter by 
which it becomes rancid. To guard against this, the 
butter is thoroughly worked over, and the liquid im- 
purities washed out or absorbed by appropriate means, 
until they arc entirely removed. 

When the butter is completely purified in this way, 
it has the following composition : 

CONPOBirtOK Qt THE BlTRBB OF CoWs' Mu-H. 



Oleiiw... 



The last of these ingredients, the "butyrine," is the 
substance which gives to the butter of cows' milk its 
peculiar flavor. 
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Cheeae b composed priiicipnlly of the solidified albo- 
minoua matter of the milk, or " cascine." Caseiue, aa 
we have seen, may be coagulated by any acid eub- 
fitance; but lUe material usually employed for this 
])urpose is derived f rum tbe fourth stomach of the calC 
Tlic juices of this etomacb contaiii a Hubstance which 
will be more fully described hereafter, and which has 
the property of coagulating milk in a very gentle aiid 
uniform manner. When the calf baa been fed with 
milk, the stomach is taken out, cut into strips, and 
dried for future use. The whob mass thus contains 
tbe coagulating principle disseminated through its BUb- 
Blaiico, and is then called " rennet." 

WTicn a little rennet, previously softened in water, is 
added to fresh milk, it produces a coagulation of its 
coseine. The coagulated mass is then subjected to 
strong pressure, by which the watery parts of the ndlk 
are driven out, nnd the whole reduced to the consisten- 
ry of cheese. A considerable portion of the butter of 
the milk still remains entangled with the caseiue, and 
communicates to it a rich flavor and a yellowish color. 
The very gradual change which the caeeine undergoes 
on exposure to the air produces also a certain alteration 
in the buttery ingredients, by which the cheese, after 
being kept for a time, usually assames a sharper and 
rather aromatic flavor. Cheese accordingly contains 
the nutritious elements of the milk in a condensed but 
somewhat indigestible form, 

23. Bread. — Bread is made of various kinds of grain, 
but by far the beat and most nutritious is that made 
from wheat. Wheat flour contains the followijig in- 
gredients : 
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CoMroBmow of Wheat Ploui. 

T.ao I Gum 8,30 

■2.00 Wuier ; U.OO 

C.40 1 10U.W 

Id tbe making of bread, the flour is first thoroaghly 
Ktixed with water and worked up iiito a pasty mass, 
to wiiich is then added a liltlo yea»t. 

il-. II. Yeast consists of an albii- 

iiiinouB matter containing an 
abundance of a fungous vep^ 
etablo growth, in the form 
of minute globules or cells 
{Fig. 1 7), which mpidly mul- 
tiply by a process of bud- 
ding whenever placed in a 
favorable condition. It is 
one of tlie most energetic 
VegEiaiiieruogiisutuMsiinuiBBiDBii. kinds of fcrmcut, and h oa- 
pcctally liable to act upon all substances contiuning 
sugar. 

The mixture of fionr and water, with the yeast add- 
[• ed, is then placed in a warm temperature, and allowed 
I to remain for some hours. During this time the yeast 
f excites a fermentation, by which the sugar of the flour is 
I decomposed, and converted into alcohol and carbonic 
I Mid, Tbe carbonic acid is a gas ; and, being produced 
a the fonn of small air-bubblea, attempts to rise and 
Icecape from the dough, just as it would from a watery 
Winixture. But the gluten of the wheat, being somo 
Ivhat viscid in consistency, entangles and retains the 
rabbles of gas as they arc developed in its snbstance, 
|wid the whole mass of the dough is thus distended a 
Bed up by the gaseous matter contained t 




lis HQ[iH(ance, i 

distended and J 

id within tU ^^H 
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The dough, thus disteodcd, is then baked at a high 
temperature. The effect of this is to fix and eolidity 
the gluten, nnd cause it to retain the form which it has 
already assumed. When tlie baked loaf, accordingly, 
IB afterward cut through, it is eeen to be every where 
perforated with a multitude of little cavities, which 
were formerly occupied by the gaa developed io fei^ 
mentation. This gives the bread a light and honey- 
combed or Bpongy texture throughout the interior of 
its mass. 

It is this spongy texture, given to bread in the man- 
ner above described, which is the main object of the 
process of fermentation. For if the flour were simply 
mixed with water and baked, the solid and consistent 
mass thus produced, though abundantly nutritious, 
would be tough and difficult of digestion ; but, owing 
to tho light texture which it acquires in fermentation, 
it is afterward easily masticated, and becomes readily 
penetrated and acted on by the digestive fluids. 

The small quantity of alcohol produced during tho 
fermentation of bread is dissipated by the heat of tho 
oven, and carried otf by evaporation. 

The starch of the flour, during this process, absorbs 
water under the influence of the heat, and its grains be- 
come amalgamated with each other. The whole amount 
of water which is absorbed and retained by the dough 
is rather more than twenty-five per cent, of its original 
weight ; so that one pound of flour, after being mixed 
with water and made into bread, weighs a littl^ over 
one pound and a quarter. 

24. Wine. — Wine is produced from the juices of the 
grape after undergoing fermentation. 

The juices of the ripe grape, in their natural condi- 
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tion, contain water, a little albuminous matter, sugar, 
variouH coloring and flavoring subgtanccs, anil a small 
quantity of mineral ingredients. For the purpose of 
making wine, tlie jnice is first expelled by crushing the 
grapes, and then exposed to the air in vats at a modep 
ately warm temperature. After a short exposure, the 
albuminous matter suffers a certain alteration by con* 
tact with the air, and becomes a ferment ; and this fer- 
ment then acts upon the sugar of the grape-juice, con- 
verting it into alcohol and carbonic acid, as in the fer- 
mentation of bread. The fermentation of the grape- 
jnico, however, is a slow and gradual process, often re- 
qniring several months for its completion. During tliis 
time the carbonic acid gas which is produced rises to 
the surface in bubbles, and escapes from the fermenting 
liquid; but the alcohol remains behind, giving to the 
liquid a vinous or alcoholic taste. 

When the fermentation of the wine is completed, it 
forms a clear and transparent liquid, containing wa^ 
tor, alcohol, coloring matter, and various flavoring sub- 
stances ; some of which are derived directly from tb» 
original ingredients of the grape-juice, while others 
are formed from their alteration during the ferment- 
ing process. 

In some wines all the sugar of the grape-juice is not 
completely decomposed by the process of fermentation ; 
they therefore retain a sweet taste, in addition to the 
alcoholic flavor. 

Id jomc instances the wine is bottled before the (er- 
mentation is finished ; and, the process continuing to go 
on, the carbonic acid gas afterward produced is aecii- 
mulated and confined in the imprisoned liquid. Wlien 
the bottles are then opened and the pressure taken oflT, 
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the BupcrabnndaDt gas escapes in bnbliles, somctimea 
with considerable force. Such wines nro called "spark- 
ling," or " effervescent" wines. 

The strength of any particular wine depends on the 
qnantitf of alcohol produced in its fermentation. Still, 
wino is not simply a mixture of alcohol and water, hut 
it contains many other ingredients funiiEhcd by the 
juicvB of the fruit from which it is made; and the al- 
cohol, produced by a slow fermentation, is united with 
various other vegetable substances also undergoing pe- 
culiar modifications. 

Consequently, wine can itot be artificially manufact- 
ured by mixing together alcohol, water, sugar, et& 
Such a mixture is simply a crude imitation, generally 
hurtful in its effects, and, for the most part, wanting in 
the peculiar properties of the wine which it is intend- 
ed to imitate. 

25. Beer. — Beer is n liquid prep-ired from barley, 
somewhat in the same way as wine is made from 
grapes. Wo have already mentioned that in the first 
•prouting or "germination" of many seeds, the starch 
which they contain is transfonncd spoDtancously into 
sugar. Tliis happens with the grains of barley. In or- 
der to make beer, the barley is kept warm and moist 
until germination has taken place, and a sufficient quan- 
tity of sugar has thus been produced in their substance. 
The barley is then ground up, mixed with warm water, 
and nn infusion of hops, with a little yeast, added to the 
mixture. Tlie hops sen-e as a flavoring ingredient^ and 
the yeast, acting as a ferment, causes the fermentation 
of the sugar, producing alcohol and an abundant evolu- 
tion of carbonic neid gas. Tlie liquid finally produced 
is beer. It contains much less alcohol than wine, but a 
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large proportion of flavoring and nutritious eubstancee 
are also derived from the jrrain used in its preparation. 

26, Preparation of Vegetables.— Of the different Fe^e- 
tabUs need for food, Biich as potatoes, b«'ans, peas, lui^ 
nips, etc., the greater part contain principally Btareh, 
mingled with various proportions of albuuiinoHB mat- 
ter, eugar, water, and minoi-al substances. Tlie effect 
of cooldng upon these vegetables is mainly to soften 
and disintegrate them, since in their raw state they are 
usually so hard as to be entirely indigestible. It ts 
very essential, therefore, in the preparation of vege- 
tables, that their cooking should be thorough and com- 
plete, as otherwise they are liable to produce injurious 
effects. An agreeable taste is also deieloped in vege- 
tables by the process of cooking, though not to so great 
an extent as in the ease of animal substances. 

21, Necessary Qualities of wholesome Food. — In order 
to maintain health, the food which is consumed should 
be situ fjle, hnt, at the same time, nutritious in •ptality, 
and tJie very best of its kind. The meat should be that 
of well-fed animals, of good color, and abundantly sup- 
plied with the natural juices. The bread should be 
made from well-ground and properly-dried flour ; and 
the vegetables should be of natnral color and consist- 
ency, and free from excrescences or other imperfections. 
Particularly tlio preparation of the food by cooking 
should in all cases be carefully performed ; since im- 
proper cooking will often vitiate or destroy the nutri- 
tious qualities of the most valuable kinds of food. 

28. Qnantity of Food required. — Tlic entire quantHtj 
of fi)od required during twenty-four hours varies with 
1 be age, sex, and habits of the individual. Children re- 
quire more food, in proportion to their size, than adultsj 
D2 
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and those who take much physical exercise need more 
than those who remain comparatively inactive. As a 
general rule, however, it is a valuable indication of 
health when the full average quantity of food is re- 
quired and coHBumed every day. The result of inves- 
tigation on this point ehowa that for a healthy adnit 
man, taking free exercise in the open air, and livinii 
upon plain but substantial food, the average quantity 
rtquired durhig twenty-four hours is as follows: 
AVKRACB Daily Quantity <w Food. 




Bailor or fel 3} " "0.23" " 

Wslcr nsfluidoi.-' aS8 " " 

that is to say, rather less than two and a half pounds 
of solid food, and rather over tlireC pints of liquid food. J 

QUERTIOXS FOIt CHAPTER IIL ^^^M 
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* 4. What ia tliecomposUinnorF'/V'^ ^^^^| 
1>. What efTect is proJucttJ »tK»i cgg> l? boiling? ^^^1 
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Necearilj for Food. — Nnlare of Digestion. — AUiaenlaty Ouuil — 
iu diflereui Faris. — Digestive Ftnids. — Sfasticadoo. — The Teeih. 
— Incisors.— Canines.— Molars. — Tlieir different Fuuciions. — Snh- 
TK. — Salivary GUnds. — Composition of Saliva — iu donhla Func- 
tion. — Action of the TonjTie — (Esophagus — its I'eristalcic Action. 
— Deglutition. — The Stomach — its lining Membmno. — Gastric Tu- 
bnlea.-^iutric Juice — it« Secretion. ^ — Heristoltic Hovctoents of tha 
Stomach. — Composition of the Gastric Juice. — I'epslne. — Lactic 
AciJ. — Action of Gastric Jtiica on the Food.— It ia u Ferment. — 
Digestibility of Food.— Food shonld be properly cooked — aUoQld be 
takm in moderate qnaniii]- — with regularity. — The tmall Intestine. 
— Follic'u of Lieberkuhn. — Intcttinal Juice — its action on Starch. 
— Fancreaiic Jnice — its Compodtion — its action on Fnt — The 
Chyle. ^ — Periaialtic Morement of IntestinB. — Changes of Food in 
tlu) AJimcutaiy Canal.— End of Digestioo. 

29. The demand for Food.— Whv is it that we require 
fi»d? 

It is bei'ausc the human body is not an inert and 
e^nseless miichine, bnt a (collection of living organs, in- 
cessantly active, and constantly employed in perform- 
ing their allotted functions. Corresponding with this 
activity a continuous change goes on in tlic SHV>atance 
of the oi^ans, by which their materials are constantly 
decomposed and (MnstllDtly renewed. Tlironghout the 
interior of the frame nature is incessantly engaged in 
taking apart the tissues of which the body is composed, 
and in making them over again of new and fresh ma- 
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terials. Wo Khali hereafter eee in nhat maDner this 
process of the unraveliog anil recoaiposition of the an' 
imal frame is accomplkhcil, and what peculiar sub- 
Btancea are produced in consequence. For the present 
it is sufficient to know that it is continually going on, 
and that the healthy tissues of the body are according- 
ly always renewed and always ready to perform their 
work. 

This requires a constant supply of new material from 
_*ithouL 

But, beside this, in young children a provision is 
also necessary for their growth and development. The 
newly-boni infant weighs from six to seven pounds; at 
the end of a year his weight has increased to twenty 
pounds; and at twenty-five years of age it has rc.iched 
one hundred and forty pounds. During all this time 
new material has been added to the body, not only 
sufficient to compenEate for itx waste of tissue, but also 
in surplus quantity to provide for its increasing size. 
Thia new material has been taken with the food, has 
been distributed over the body, and disseminated every 
where throughout the subslaucc of the tiBSUca. 

30. Nature of the Dig^tive ProcesB. — But the food 
itself will not serve directly for the nourishment of the 
animal frame. First of all, because the ingredients of 
our food arc for the most part solid, and they must be 
liquefied before they can be absorbed by the mem- 
branes and circulate with the bloo<l ; and, secondly, 
because the ingredients of the food, the animal and 
vegetable juices, the starch, fat,. albumen, etc., are not 
the same with the ingredients of the human body. 
They are nutritions, but only because they are capable 
of beiitt converted into other suhstances, which are 




then appropriated by the internal organs. All tho 
substances used as food, thcrelbi'c, are Buhjcctcd t-o a 
kind of preliminary d i sin tcgra lion and metamorphosis. 
Meat, bread, fruits, vegetables, must all be first reduced 
to a new eondilion before they can finally take part id 
the nutrition of the body. Their ingredients are com- 
piled to undergo a transfon nation, which fits them at 
last to be absorbed by tho living tissues. 

This liquefaction and transformation of the iugredi- 
ents of the food is the process oi Diffettiun. 

31. Oeneral Stxncttira and Arran^ment of the Dipes- 
tive Apparatus. — 'llie digestion of llie food is jurfbrni- 
ed in a long tube or canal, enllcd the "Alimentary Ca- 
nal," which commences at the mouth, and runs contin- 
uously from one end of the body to the other. If we 
examine its different parts, we shall see, first, that they 
difiVr fi-om each other in size, form, and structure, and 
are accordingly known by different names, snch as tho 
" pharynx," tho " tpaophagns," the " stomaeh," and tho 
" intestine ;" and, secondly, that there ore dificrent ani- 
mal fluids, called the " digestive secretions," which aro 
poured into the alimentary canal at different points, 
and there come into contact with the ingredients of the 
food. It is these secretions which have tho power of 
acting npon the food, so as to dissolve it anil transform 
its materials in the manner described above. 

Now the mode in which this action is performed is 
very remarkable. Each one of the digestive sccretionH 
eontaJns n peculiar albuminous matter, different from 
those of all the resi, and having the power of acting 
like a ferment. When this fennent comes into con- 
tact with certain ingredients of the food, it at onoe 
produceB a change in their condition, so that they aro 




transformed, and become capable of being need for the 
nourishment of the body. Thus the different ingredi- 
ents of the food are acted upon, ui the different parts 
of the alimentary canal, by different digestive fluids; 
and as the food gradually passes from above down- 
ward, its various elements are successively transformed, 
and the digestion of the whole is finally accomplishctL 

At the commencement of the alimentary canal (Fig. 
18) we find, as already mentioned, the cavity of the 
Month. Tliis cavity is guarded in front by the open- 
ing of the lips, and behind by the muscular walls of the 
throat, or P/iaryiix, which can close at will, so as to pre- 
vent the passage of snbatances from the mouth back- 
ward. Beyond the i)harynx comes a long and narrow 
tube, the gullet or (Etophagtta (o), wliich runs nearly 
Btntight downward along the back part of the neck 
and chest until it reaches the abdomen. Here it term- 
inates in the Stomach (b), which is a laige, flask-shaped 
expansion, lying across the cavity of the abdomen, just 
l*eneath the lower extremity of the breast-bone. Like 
the mouth, the stomach is guarded at each end by mus- 
cular bands, which sometimes shut up its orifices, and 
sometimes open to allow the passage of the food. The 
first of these orifices, situated on the left side, and com- 
municating with the cpBophagus {c), is called the " car- 
din ;" the second, situated on the right side (<^, is called 
the " pylorus." 

Beyond the pylorus the alimentary canal becomes n 
long and very narrow tube, not more than an inch and 
a half in width, but nearly twenty-five feet in length, 
called the Small intestine (e). Tlic small intestine is 
ibldcd npou itself with many different turns, so that it 
forms a convoluted mass, occupying a lai^e part of the 
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^T Bpaco within the abdomen. At ita upper portion, a few 
incbes below the pylorus, two slender tubes open into 
ita cavity, coming one from the liver, the other from 
the pancreas, called the JUliary and JPancreaUc dticU 
if,g). They serve to convey into the intoattnc at this 
point two important secretions, viz., the bile and the 
I pancreatic juice. The small intestine itself is provided 
i with a lining membrane, which varies somewhat in 
. Ctruoture in different parts of the tube. It terminates 
I in the lower part of the abdomen, near the right eide, 
I where it opens by a narrow orifice into the last divis- 
f "ion of the alimentary canat, viz., the Large intestine 

The large intestine, bo calle<] because it is wider than 
I the rest, is the receptacle for the refuse parts of the 
^ food which have not been digested. It passes npward 
I along the right side of the abdomen, where it is called 

the "ascending colon" (A) ; then to the left side, as the 

" trsnsvcFBe colon" (j) ; then descends along the left; 

aide of the abdomen as the " descending colon" (J) ; 

and finally parses into the pelvis, where it terminates 

under the name of the " rectum" (A). 

Pin order to understand the process of digestion, we 
mast examine the changes whieh the food undergoes in 
each successive division of the alimentary canal. 

The first ofthese divisions is the mouth. When first 
introduced into ibis cavity, the food is subjected to 
two processes, which are very simple, but very impor- 
tant. It is mmlieitled, and at the same time mingled 
with tlie saliva. 

32. UastiCBtion. — Tlio mastication of the food eon- 
^L Bis^ in its grinding up or comminution by the action 
^B of the te«th. Tlie digestive fiuids, which are to dis- 
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polvc the food in ttif Btomach ami intestine, could Dot 
readilj act upon h If it were swallowed in a crude and 
iolid mass. It must firat bo triturated and reduced to 
a state of line subdivision, in order to prepare it for the 
digestive process; in the same way as a piece of loaf' 
sugar if simply placed in water dissolves slowly and 
with difiii'utty, but if first crushed into fine grains is 
rapidly attacked and liquefied by the solvent fluid. 

The organs of mastication are the Tettfi. They are 
composed of a strong bony substance, and are firmly 
fixed in their places by strong " roots," which penetrate 
into the substance of the jaws. Tlie projecting part of 
each, which is called the " crown" of the tooth, ia cov- 
ered with a layer of exceedingly dense material, the 
" enamel," which, as we have already seen, is the hard- 
est substance in the body, and capable of resisting the 
Btrongeat pressure. 

The teeth are thirty-two in nimiber, viz., sixteen in 
each jaw (t'ig. 19). They vary somewhat in f,\ia and 




fiO TBYBlOtOar AMD BTGISNE. 

shape, and are adapted, in dificrcnt parts of the ja.v, to 
Bomewliat different uses. Tlie four teeth in the front 
part of each jaw are the Jvcisors, or " cutting teeth." 
T)iey are rather flat, nnth a thtii, ehiBcl-like edge run- 
ning from side to side. As their name indicates, these 
teeth arc adapted to cutting the food, bo far ns this is 
required ; as in biting off the Btema of juicy plants and 
certain kiiida of vegetablcB and Jruits. They corre- 
spond to the gnawing teeth of mice, equirrels, rabbits, 
and other similar epecies, in which they are very higlily 
dovolopod, and capable of catting through the hardest 
Bubstances. 

Immediately outside the incisors arc the Canine teeth 
(6), one on each side of each jaw. They are somewhat 
pointed in form, and correspond to the large and prom- 
inent "tusks" of the carnivorous animals, which are bo 
formidable as weapons of offense for wounding and 
seizing their prey. In the human species they do not 
differ very much in their function from the incisors. 

Behind the canine teeth, and occupying all the rest 
of the jaw, are the Molars (c, d), five in number on each 
eide, viz., two anterior and three posterior. They ai-e 
very thick and strong, and have rather flat surfaces 
covered with conical elevations. Moat of them are 
provided with two or more spreading roots, which fii 
them more firmly in the jaws, and enable them to re- 
sist the pressure from side to side. These are the most 
powerful and important teeth for the comminution of 
the food. Tlie incisors and canines have less force, be- 
cause they are situated in the front part of the jaws, 
and are adapted only fur cuttiug or piercing Gubstances 
which offer but little resistance. But when the food is 
once taken into the mouth we carry it backward, be- 
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tivoen the strong molar teeth, which arc situated just 
witliin the muscles upon the sides of the jaws. Tlien, 
by repealed lateral movements of the jaws from right 
to lell, the food is grouml and commiuutod bctwtvn 
their hard surfaces, as it would be between two mill- 
etoncs, nntil its different parts are reduced to a fine 
homogeneous mixture. 

We can readily appreciate the greater power of the 
molar teeth by attempting to use them upon different 
substances. Wc can easily bite off a slender thread or 
a juicy vegetable by placing it between the incisors. 
But when the substance is more resistiDg, like a hard 
crust or a woody stem, we instinctively place it be- 
tween the molars in the back part of the mouth, when 
it is seised and crushed with ail the power of the strong 
mnscles situated on the sides of the jaws. 

In the movements of mastication it is the lower jaw 
only which moves. The upj)er remains stationary, as 
we can easily convince ourselves by placing the fingers 
upon the sides of the face while mastication is going on. 
We cau also feel iu the same way the strong muscles 
in this situation, which swell and become rigid when- 
ever the lower jaw is pressed firmly against the upper. 

33. Saliva. — But the mastication of the food is very 
much assisted, and at the same time rendered more ef- 
ficacious, by the Saliva which is mingled with it in the 
cavity of the mouth. 

Tlie saliva is produced by various glandular organs 
situated in and near the mouth. These organs arc of 
four different kinds. First, the Parotid gland, situated 
beneath the skin immediately in front of the car; sec- 
ond, the Submaxillary gland, just within the angle of 
the lower jaw; third, the Sublingual gland, beneath the 




side of the tongue ; and, fourth, the Mucoua glandules, 
iiituated in the liniug membrane of tlie mouth, particu- 
larly OQ the LDBide of the lips aod cheeks. These vari- 
ouB glandular organs produce four difiVrent kiuda of 
fluid, which vary in cousistency, soiae of them being 
more watery, others more viscid ; but they are all final- 
ly mingled together to form the saliva. 

The saliva is constantly secreted in moderate quan- 
tity, sufficiently to lubricate the lining membrane of 
the mouth, and to keep it moist and pliable. Its flow 
is excited, however, in greater abundance by any thing 
wliicli stimulates the sense of taste, such as sweet, 
sour, or bitter substances. Tliis effect is prodnccd 
through the action of the nenous system. Even the 
sight or sometimes the thought of attractive articles 
of food, when the appetite is excited, will stimulate tho 
discharge of saliva, and, as it is commonly expressed, 
"bring the water to the mouth." Tlie movement of 
the jaws, as in speaking, and more espceially in masti- 
cation, will also increase the quantity of saliva; and 
the action of swallowing has, for tho momenta similar 
effect. 

But the flow of saliva is stimulated, most of all, by 
tho ordinary mastication of tho food in eating ; when 
the excitement of the taste, tho movement of the jaws, 
and the action of swallowing all combine to excite tho 
activity of the glandular organs. It ia then poured out 
in the greatest abundance, to perform its ofSce in tho 
preparation of the food. 

The saliva is a thin, colorless, slightly viscid, and al- 
kaline fluid. When flrst discharged it is somewhat 
frothy and opaline in appearance, but after it has re- 
mained at rest for a short time its upper portion be- 





9 nearly clear, while a fine white fiocculent sub- 
Btance la deposited at the bottom. This deposit, when 
examined by the micro- 
Bcope {Fig. 20), is seen to 
be composed of minute 
granules, a few oil globules, 
and a quantity of thin, flat, 
scale - Ulce bodies, or cells, 
called "epithelium cells," 
n Inch have been separated 
from the surface of the lin- 
tn:; membrane of the month. 
There are also a few small- 
er rounded cells mingled 
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derived from the 



with the rest, which 
dales of the mouth. 

The saliva has the following composition in 1000 
ports: 

CosixainoK or Sauta W 1000 VkKte. 

Waier 935.16 

AlbnnunDas nntnr 1.84 

Uhierat ingretlients ,, 1.88 

liixlote of qiithelium 1.C3 

1IK)0.U0 

It is accordingly a verj- thin fluid, containing but a 
small quantity of solid substances in proportion to its 
watery parts. 

The albuminous matter oftho saliva is 'called IHt/h- 
line. It is owing to the presence of this albuminous 
matter that the saliva is somewhat viscid, and that it 
reailily becomes frothy when mixed with air. 

The entire quantiiy of the saliva produced in twenty- 
four honrs has been calculated by ascertajning how 
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niuch is naturally absorbed hy tbe food during masti- 
cation, and adding this quantity to that gradually se- 
creted in the intervals between the meals. It is thus 
found thai in an adult man very nearly three poun<lii 
of Baliva are secreted every day. This quantity, how- 
ever, is not all diecharged from the moulh. By far the 
larger portion is secreted during maBtiiration, and min- 
gled with the food which is taken into the Btomacli.- 

34. Z^sotion of the Saliva, — The function of the saliva 
ia twofold. 

First of all, it agists mastication. This can easily 
be Been by noticing the difficidty of masticating per- 
fectly dry substances. Pounded crackers, for example, 
or dry meal, are masticated witji extreme difficulty 
until they have become moistened with a certain quan- 
tity of saliva. After this the process ia much easier. 
Tbe act of swallowing is also assisted to an important 
degree by the presence of the saliva. It is almost im- 
posuble to swallow a perfectly dry mouthful until it 
has been moistened and lubricated by the saliva. The 
same thing happens in animals when the saliva can no 
longer find its way into tbe .cavity of the mouth. In 
the horse, for example, it has been fonnd that when the 
saliva of the parotid glands alone has been prevented 
from passing into the mouth, the animal is nearly four 
times as long in masticating and swallowing a given 
quantity of grain as when the natural flow of the secrc 
tion is undisturbed. 

The saliva is also useful by aMiiting in diffettioti. It 
doea this simply by moistening the food and preparing 
it for the action of the other digestive fluids, particu- 
larly those of the stomach. For the jniccs of the stom- 
ach, which, 09 we shall hereafter see, are very important 



digestion, requiro to ppiii>trat« readily all parts of tht? 
- alimentary mass in order to produce their proper effect. 
This they can do much more readily if the food be al- 
ready moistened than if it be dry and resisting. This in 
true of almost any fluid that requires to be itbaorbed by 
a solid substance. If a perfectly dry epongc be thrown 
upon the water, it will float upon the surface for a long 
time almost untouched. Uut if it be first made damp 
or slightly moistened throughout, it then rapidly ab- 
sorbs the water as soon as it touches the surface, and 
sinks at once to the bottom. 

It will be easily understood, therefore, how impor- 
tant it is that the process of mastication be regularly 
and thoroughly auoomplishcd. It must never be neg- 
lected, nor performed in a hurried and imperfect man- 
ner ; for if so, the subsequent digestion of the food will 
certainly bo delayed and obstmcted, and perhaps pre- 
vented altogether. And if the food which is taken into 
the stomach be not digested as it should be within the 
natural period, it then becomes a source of irritation, 
and is liable to produce a variety of injurious effects be- 
fore it is finally discharfjed from the alimentary canal. 

35. Action of the Tongue in Mastication. — In the mas- 
ticatioD of the food an important office is also perfonn- 
ed by the Tongue. 

Firut, because this organ is the principal seat of the 
Bense of taste; and it is by this sense that we judge of 
the fitness of certain substances to bo used as food. 
Those substances which are sound, nutritious, and well 
cooked are usually agreeable to the taste and ara ad- 
mitted without delay ; while such as ai'e decayed, of 
inferior quality, or improperly prepared, are at once de- 
tected by a more or less disagreeable flavor. This dis- 
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Dgrccftble flavor notitii's iis of the {irosoiice of some ttub- 
«tance iit thi> food which is unlit fur digestion, and 
accordingly it may be rpjected before it has been con- 
i-eyed to the cavity of the stomaelL 

Secondly, the tongue possesses, in a very cicqnisitfi , 
degree, the sensibility of touch. By ihis means it can 
appreciate all the physical qualities of the food intro- . 
duced into tbo mouth, and can ascertain at once wheth- 
er it has been sufficiently masticated, or whether there 
yet remain any portions which arc still cnide and re- 
sisting. Endowed also by its muscular apparatus with 
a power of varied and flexible motion, it carries the j 
food about from one part of the mouth to another, so l 
that the whole is Anally subjected to the action of the ■ 
teeth. 

30. Contbuted ESIect of the Saliva and MoBticatioii.— 
The prc))aration, iiccoidingly, wliioh the food under- 
goes in the mouth is the combined cflect of its raaa- 
tication and its mixture with tlie tiatlva. None of its 
ingredients arc as yet changed or decomposed, but they 
are all present in the masticated mass, though no longer 
distinguishable by the eye. The food is simply tritu- 
rated and disintegrated by the teeth ; and at the same 
time, by the movements of the jawa, cheeks, and tongne, 
it is intimately mingled with the saliva, which is work- 
ed into its substance until the whole is reduced to a 
Boft, pasty material, of uniform consistency, and ready 
to be penetrated by the digestive fluids. 

This softened material is then brought together by 
tbc movements of the tongue, which penetrates into 
every part of the mouth, searching busily in all its cor- 
ners and cavities until it has collected the masticated 
food into a single mass upon its upper surface. The 
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mass is then pressed backward by the muscular force 
of the organ, and carried throngh the opening of the 
pharynx into the upper part of tlic (esophagus. 

Hero it passes beyond the control of the will. All 
.e movements of the mouth, the jaws, and the tongue 
vhich we have heretofore described are voluntary in 
character, and may be set in motion or arrested, 
hastened or retarded, at will But from the moment 
the food passes the pharynx and enters the (esophagus it 
longer nndcr our control, and is received by anoth- 
er set of organs, whose action is entirely involuntary. 

37. Deflntition. — The oesophagus, a^ we have already 
mentioned, is a narrow tube, extending from the phar- 
ynx downward to the stomacli. It is provided through- 
out its length with a double layer of muscular fibres, 
■ome of which are placed longitudinally in its walls, 
while others run round it in a circular direction, thus 
dasping the tube like the fingers of a closed hand. 

When the food enters the upper part of the cesopha- 
gas, these circular fibres contract upon it from above 
Uid force it onward; while the longitudinal fibres at 
the same time draw the lower part of the tube upward, 
Wid open a passage for the food in a downward direc- 
tion. The same action is repeated successively in ev- 
ery part of the cesophagus, so that a continuous undu- 
lating or wave-like contraction moves steadily from 
above downward through the whole length of the 
oesophagus, carrying the food before it in a rapid but 
entle and uniform manner. 

This movement of the oesophagus is called the " peri- 
laltic," or vermicular action, because it resembles the 
lotion of a worm in crawling over the ground. It at 
»t reaches the cardia at the lower end of the tube ; 
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when ibis orifice yields to the prDssure from above, ant! 
the food, passing through it, is finallj cooveyed Inlo the 
cavity of the etomaoh. The whole process by which 
the food ia thus carried from the mouth to the stomach 
is called the act of swallowinM|^^fi7/r((i(ion." 

3B. The Stomach and its LinilB^^braiie. — Tiie stom- 
ach, as wo havu already seen, ia an eniargemont of the 
alimentary canal, forming a rounded cavity or sac It 
is here that the most important part of tho digestive 
process is performed ; so that the food, which baa al- 
ready been triturated and softened by mastication, 
now begins to be actually liquefied and dissolved, 
and at the same time transformed and altered in its 
properties. 

The stomach consists of two principal parte, Tit, 
first, a lining Tnembratte, and, secondly, a mutcular coat. 
Its lining membrane is thick, soft, and abundantly 
supplied with blood-vessels. Its inner surface is not 
perfectly smooth, but is raised into littlo ridges and 
projecting eminences (Fig. 
£ 1 ). In the middle portions 
(if the stomach, and toward 
the jiylonis, these elevations 
are rather pointed in form, 
iind generally flattened from 
siilc to side. Each one con- 
tains a small blood-vessel, 
which turns upon itself in a 
loop at the extremity of the 
» projection, and communi- 
■ ,-,,--. ■ cales fi-ecly with the snr- 

• .— conlul elSTiUoni, uid ' 

ia-»e>Mi«coBUto«diii[liem. roiindin™' vessels. 
Tlie substance of the lining membrane forms an act- 





! and peculiar glandidar 
1 apiiaratus. Its wbolc thicfc- 
I nc88 is filled with little cy- 
lindrical or tubulnr organs, 
I calk'd the "gastric tiibnlca" 
I (Fig.22). Tliese little tubes 
I tennbate by rounded ends 
] beneath, and open upon the 
I upjjfr Bttrt'ace of the mem- 
j brano by minntc orifices, 
' situated between the point- 
^ElEre^iJ^t^JS^'SS ""^ elevalions already de. 
"•*""■ scribed. The small blood- 

vesBcla penetrate every where between the tubules, and 
form an abundant net-work about their sides. 

39. The Gastric Juice. — The ntomacli exerts its action 
upon the food by means of a liquid secretion, which is 
produced by its lining membrane. This fluid is the 
Gaatric Juice- 

The gastric juice is poured out from the lining mem- 
brano of the stomach at the moment when the food en- 
ters its cavity. The lining membrane is sensitive to 
the contact of the food, and is excited to pour out its 
secretion, just as the glands in the neighborhood of the 
mouth poor out their saliva when the food is undergo^ 
ing mastication. But the action of the stomach takes 
place without our consciousness. The eicitement of its 
lining membrane is not communicated to ns by any sen- 
sation, and takes place as one of the involuntary actions 
of the Ulterior of the body. 

During the intenals of digestion, therefore, the stom- 
ach is quiescent and empty. But no sooner docs the 
I food paaa the cardiac orifice and enter its cavity than 
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an influx of blood takes place into its ycsscIs, its liiung 
inembraac beeomes swollen and congested, and of a 
blight red color, and its tubules begin to sccretu a 
clear, watery, acid fluid. ITiis fluid exudes from the 
lining membmuc in a multitude of minute drops like 
tbe perspiration from tbu surface of the skiu, and, com- 
ing in contact with the food, begins at once to act upon 
its ingredients. 

40. Faristaltio Action of the Stomacb. — At the samo 
lime another aelioii 13 excited in the Btomach of a dif- 
ferent nature. This is the action of its muscuhir coat. 

The muscular fibres of the stomach, like those of tbe 
awophagiid, arc partly longitudinal and partly circular. 
When the food is introduced, and the flow of the gastric 
juice begins, they are also gttmulale<l to contraction, 
and commence a series of movements from side to aide, 
and from one end of the organ to the other. These are 
the perUtaUic tnovctnents of the stomach. They pro- 
duce a kind of gentle kneaJing or continuous churning 
of the food, by which it is moved slowly about in the 
interior of the organ. They are like the movements of 
mastication performed in the month, except that they 
are involuntary, like the peristaltic action of the (MOpb- 
agus, and arc performed without knowledge^ Their 
effect is to work the gastric juice, as fast as it is se- 
creted, into the interior of the masticated food, until it 
penetrates the maea equally throughout. 

These movements have occasionally been seen, both 
in men and animals, in cases where an opening hofi been 
made into the stomach either necidentally or by a Bur- 
gic^l operation. At the same time, the gastric juice has 
been obtained and subjected to examination. 

41. Ingredienta of the Gaatric Jaiiw.— When the gas- 
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trie juice is thus collected from tJie cavity of the stom- 
ach, it is found to be clear, transparent, of a light amber 
color, and very distinctly acitL It containB the follow- 
ing ingredients : 
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The albuminous matter of the gastric jaice ia tei 
T^psi'ne, owing to its active properties in the digestion 
of the food. It may be coagulated by boiling, and also 
by the addition of a lai^ quantity of alcohol. When 
eeparated by either of these means and dried, it appears 
ns a fine while powder, which may bo again dissolved 
in water. This is llio most important ingredient of the 
gastric jnico. 

The Lactic acid is the same substance whicli is pro- 
duced from sugar in the souring of milk. It is in » 
very dilute form in the gastric jnice, but ia necessary 
to its digestive properties ; for the pepsine will not act 
upon the food unless it be dissolved in an oeid fluid, 

Tlie Mineral ingrgdienU of the secretion are also 
present in small quantity. Tlicy consist of common 
■alt, together with combinations of potash, lime, mag- 
nesia, and iron, 

42, Action of Gastric Juice upon the Food. — Ttie gas- 
tric juice, constituted as above, has a very remarkable 
effect upon the food. For if a small portion of meat, 
bread, boiled white of egg, or cheese, be cut into thin 
slioes, placed in gastric juice, and kept at a warm tem- 
perature, the alimentary sabstance soon begins to be 
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difiintegrateil and Iique6e<l by the action of tlic fluid. 
This I'flect 6rst ^ows itsi^if upon the outer surface of 
thu sahstuices act«d on, wbicli become more tranepar- 
«Dt and softer, and tiias gradually mi-It away. If the 
mixtan be gently agtUted, so as to shake ufi' the eotl- 
coed parts, the process goes on more rapidly. Tlie gas- 
trio jnioe penetrates deeper and deeper into the interi- 
or, flofteniog and dissolving as it goes, nntil the whole 
mass ia finally reduced to the form of a Anid mixture. 

But if the fiuid miitare thus ])rodueed be examined 
BMUv closely, it «-ill be found that all the ingredients 
of tbo food have not been equally affected. In fact, it 
is only the ai/nnninous constituents which are diesolved 
by the gastric juice, wMIe the starchy and oleaginous 
matters are not altcretL But as the food, when taken, 
consists of starchy and oleaginous Gubstances united 
and enveloiiod by albuminous matters, the solution of 
the latter sets free the other ingredients from tlieir 
combination. 

Time bread consists of starch entangled with the so- 
lidified glutinous matter of the flour. ^ATien the glu- 
tinous matter is dissolved by the action of the gastric 
juice, the starch is consequently disintegrated at the 
Bame time, though it still retains its other peculiar 
properties. 

Again, cheese consists of the solidified caseine of the 
milk, with the oily or buttery milk globules imbedded 
in its substance. The caseine ia dissolved and lique- 
fied by the gastric juice, but the oily parts remaui un- 
changed, and simply rise to the top and float upon the 
surface of the watery fluid. 

The gastric juice accordingly appears to act upon 
the whole mass of the food, but in reality it ia only by 



dissolving that large portion of its ingredients whicli 
consist of albuminous matter. 

Now the action of the gastric juice in this process is 
a very peculiar one, and depends upon the properties 
of the pepsiiie which it contains. This substance acta 
as a femtent, and, simply by coming in contact with 
the albuminous matter, changes its nature and reduces 
it to the liquid form. For albumen, after being digest- 
ed by the gastric juice, ifi wo longer albumen, but has 
been transformed and converted into something else. 
Tliis new substance ia termed Albuminose, and is dis- 
tinguished by peculiar properties. Thus wliite of egg, 
in its natural condition, is coagulated by boiling, and 
is usually taken na food in this solid and coagulated 
form ; but after it has been liquefied in the manner 
above described, and converted into albuminoso, it can 
not again be coagulated by heat, but remains fluid, and 
is ready to bo absorbed by the blood-vessels. 

Like the other ferments which have been already de- 
scribed, the pepsine of the gastric juice, in order to pro- 
duce its effect, must have a moderately warm tempera- 
ture, neither too hot nor too cold. Tlie gastric juice 
will not act upon the food when near the freezing point 
of water, neither will it have any effect if raised to the 
neighborhood of a boiling temperature. It must be in- 
termediate between the two ; and its greatest activity 
is about 100 degrees Fahrenheit, which is exactly tho 
temperature of the interior of the living stomaclt. 

In some instances tho action of the gastric juice is 
very curious. Thus milk, if taken in a fluid form, is 
first coagulated by the fluids of the stomach. It is ow- 
ing to this property that rennet, which is nothing else 
than the dried fluids of tho calf's stomach, causes the 
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ooagalation of milk in the mantifucture of cheese In 
digestion this eflect is instaiitaiicoas, or nearly so. Bnt 
■oon afterward llie pepsine begins to act upon tlie co- 
agulated caseine, and finally reduces it again to tbe liq- 
uid form. Thus tlie same substance, during digestion, 
is first solidified, and afterward dissolved by tbc gastric 
juice. This proves that the act of digestion docs not 
consist in a simple solution, but is an actual transforma- 
tion of the albuminous Eubstancca. 

'flie gastric juice is the most abundant of all the di- 
gcstive flaids. It continues to be produced by th(^ lin- 
ing membrane so long as any food remains undigested 
in tbe stomach, Tbe quantity which is first secreted 
»cta upon a corresponding portion of tbe albuminons 
matters. Tlie liquefaction of these albuminous maltei m 
causes, as vee have already seen, a disintegration of the 
food previously combined and agglutinated by their 
substance, and these disintegrated portions pass nt 
once through the pylorus into the cavity of the small 
intestine. A fi*sh quantity of gastric jnice is at the 
Bsme time secreted, does ita work in a similar manner, 
and is carried with another portion of the debris of the 
food into the intestine. This process goes on until the 
whole of the food, thus successively broken down and 
disintegrated by the solution of its albnminous portions, 
has been removed from the cavity of the stomach, and 
carried downward into the channel of the small intes- 
tine. 

When this is accomplished, the secretion of gastric 
juice by the stomach comes to an end, tbc congestion 
of its lining membrane disappears, its peristaltic actiou 
ceases, and the entire organ returns to its ordinary qui- 
escent condition. 



Tbe etomaeh, accord iugly, is alternately in two difl'cr- 
ent conditions, corresiponjing to the digestive jirocess, 
viz., a condition of rest and a condition of activity. 
While digestion is going on, it is in active secretion ; 
during the intcnals of digestion it remains qiiieitcent. 

43. DigeBlibilityofFood.— Tlie digestibility of differ- 
ent kinds of food varies coHsiderably. Some of them 
aro disposed of in a comparatively short time; otliere 
take a longer period. This difference is, to a certain 
extent, a matter of common experience, since every one 
i» conscious that certain articles of food reqnirc a lon- 
ger time for digestion than others. Dr. William Beau- 
mont had an opportunity, many years ago, of examin- 
ing this point in a patient who had a permanent open- 
ing in the stomach, the result of a gun-shot wound. 
He compared the time required for tbe digestion of 
many different kinds of food, some of which are enu- 
merated in the following list : 
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FiglfMt 

Tripe , 

Tnmt (broiled).. 



Veal(tr™led) 

!Naib(«r(boiled).., 
Kooiteil poik 



Boiled milk 2 

Bomileil larkey 2 

These results would not always be precisely the same 
for different persons, since there arc variations in this 
rvHpecl according to age and temperament. Thus, in 
most instances, mutton would probably be equally di- 
gestible with beef, or perhaps more so; and milk, which 
in soma persons is easily digested, in others is disposed 
of with considerable difficulty. But, as a general rule^ 
E2 
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tlio comparative digestibility of different eubstaucea Is 
no doubt correctly expressed by tbe^bovc list. 

41. Conditions requisite Tor healthy Dig:estion. — Tfao 
healthy action of the digestive process must be pro- 
Tided for by careful attention to various particulars. 

First of all, the food stiould be of good quality and 
properly cooked. The best methods of preparation by 
cooking are the simplest, sueh as roasting, broiling, or 
boiling. Articles of food which are fried arc very apt 
to be indigestible and hurtful, because the fat used in 
this method of cooking is infiltrated by the heat, and 
made to penetrate through the whole mass of the food. 
Now we have seen that fatty substances are not digest- 
ed in the stomach, as the gastric juice has no action 
upon them. In their natural condition they arc simply 
mixed loosely with the albumiuous matters, as butter 
when taken with bread or vegetables, or the adipose 
tissue which is mingled with the muscular flesh of 
meat ; and the solution of the albaminouB matters in 
the stomach, thercfoi-e, easily sots tiiem free, to pass 
into the small intestine. Hut when imbibed and thor- 
oughly infiltrated through the alimentary substances, 
tfaey present an obstacle to the access of the watery 
gastric juice, and not only remain undigested them- 
Belves, but also interfere with the digestion of the albu- 
minous matters. It is for tliia reason that all kinds of 
-jbod in which butter or other oleaginous matters arc 
nsod as an ingredient, so ns to be absorbed into their 
eubstaucc in cooking, are moi-e indigestible than if pre- 
pared in a simple maimer. 

It is also important, more particularly in all kinds of 
vegetable food, that the cooking should bo thorough 
mnd complete. This is necessary in order that their 
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texture may be eufficicnlly sriflened and their starchy 
ingredients properly prepared. For raw starch is ex- 
ceedingly difficult of digestion, while that which has 
l>ceQ boilcil, or heated hi any way in contact with wa- 
ter, absorbs moisture, as we have seen, so that its grains 
become Boflcned, and arc then easily acted on by the 
digestive fluid. 

Secondly, the food should be takeu in moderate guarir 
tU'j at a time. Ifan excessive amount be swallowed at 
once, it uppi-ars to exert a paralysing influence upon the 
stomacli, which is overjHiwered by the unaccustomed 
load, and fails to act witli energy upon the alimentary 
materials. This danger is cs]>ecially to be avoided 
when the appetite is voracious, afler an unusually long 
abstinence. The excessive desire for food at such times 
is an unnatural one, and should not bo immediately 
gratified to its fallcst extent, since it is liable to over- 
tax the capacity of the stomach, and thus produce a 
JlBturbance in the digestive function. 

Thirdly, the food should be taken with reffularily, 
and about the same time each day. Tiiu digestive or- 
gans are subjected to the influence of habit in this re- 
spect, for some reason which we do not fully undei^ 
stand. They accomplish their work more promptly 
and thoroughly when the food is taken at the accus- 
tomed time and in the accustomed manner than if it be 
taken irregularly and out of season. This fact was no- 
ticed BO long ago as the time of Hippocrates, who says 
in his Treatise on Regimen that if a man who has not 
been accustomed to take food in the middle of the day 
should'do so, he is liable to bo oppressed and disturbed 
by it ; while thoso who arc in the habit of dining at this 
lime, if they omit the usual meal, arc equally affected. 
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and perhaps loBC their appetite for the rest of the day. 
In some persons the eyBlem is exeeedijigly eensitive to 
any such irregularity, and iu all the process of diges- 
tion is more or less liable to be aflfcetcd by it. 

Lastly, the secretion of the gastric juice and the di. 
gcstion of the food are much influenced by the condi- 
tiun of the nervous system. It has been found, by the 
cxpciiments of Dr. Beaumont and others, that irritation 
of the temper and other moral causes will frequently 
diminish or altogether Duspcnd the natural flow of the 
gastric fluids. Any ftverish action in the syBtem or 
any exceseive fatigue is liable to produce the same cl- 
feot. Every one is aware how readily any mental dis- 
turbance, such as anxiety, anger, or vexation, will take 
away the appetite and interfere with digestion. Any 
injurious nervous impression, occurring especially nt 
the commencement of digestion, seems to produce nn 
effect which lasts for n eonsidorabtc period; for it is 
often noticed that when any annoyance, hurry, or anx- 
iety occurs soon after the food has been taken, though 
it may last but for a few moments, the digestive process 
is not only endangered for the time, but is liable to be 
permanently disturbed during the entire day. 

In onler, therefore, that digestion may go on proper- 
ly in the stomach, food should be taken only when the 
apjietitc demands it, and as nearly as possible at regu- 
lar intertals ; it should be properly prepared by cook- 
ing, and thoroughly masticated at the outset; and, 
finally, both mind and body, particularly during the 
commencement of the process, should he fi-ec from any 
unusual or disagreeable excitement. 

45. Entrance of Food into the small Intestine. — As 
the dbintegratcd and partly liquefied food passes out 
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through the pylorns iuto the fimall inteEtine, it consists, 
first, of the gastric juice, together with the albuminous 
matters which it holds in solution ; second, of thu 
etarcby Bubstances which have been sot free ti-om the 
other ingredients of the food, but not othcnvisc alter- 
ed ; and, third, of the oleaginous matters which arc 
I nnrhangfd by the gastric juice. The last two 
Bubstancea, however, arc now digested by the action 
of tlie fluids which are poured into the cavity of the 
small intestine. 

40. The Intestinal Jnioo and Digestion of Starch. — The 
fintt of tht'se fluids is the lutentinalJuicc. The intes- 
tinal juice is secreted by n v.ist number of ^mall tubu- 
lar glands called the " Follicles of LieberkOhn," which 
ore thickly set throughout the whole extent of the lin- 
g\g_tx '"S membrane of the intestino 

(Fig. 23). Like the tubules of 
Iho stomach, these bodies are 
cylindrical in form, with round- 
ed ends below, and opening hy 
little mouths upon the inner sur- 
ftce of tho intestine. Owing to 
the great length of this part of 
\ the alimentary eanal, and con- 
wquently the extent of its lin- 
p-liictn or LieberkHhn, rrom bi<; membrane, tliese follicles are 
Uie imsU latEtUiK ' i - i ni • 

cKoeedmgly nnmcrons. T.he in- 
testinal juice which they Becrcte is eolorless, slightly 
alkaline, and of a viacid consistency. It eontains an 
albuminous ingredient, somewhat ximilar to that pro- 
duced by the mucous glandules of the month. 

Now the intestinal juice, thus secreted, has the pow- 
er of acting npon starch with great rapidity at the 
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temperature of the living body, and of converting It 
into sugar. If a little of the fresh intestinal juice be 
mingled with boiled stai-ch and kept in warm water for 
a few seconds, the starch begins to disappear from tlio 
mixture, and sugar to take its place ; and in a short 
time the whole of the starch will have undergone tha 
Bame tranefonnation. 

This cliange is accomplished by the action of the al- 
bumiiious ingredient of the intestinal juice. Like the 
Itcpsiuo of the gastric juice, it acts as a ferment; and 
by simply coming iu contact with tlic starchy matters 
of tlic food at a wanii temperature, it causes them to 
(.'bnngc their properties, and trauHfonns them into sugar. 
When the staivhy substances have thus been converted 
into sugar, their digestion is accomplished; for they 
have then become liquefied, aud accordingly may be 
readily dissolved by the fluids of the intestine. 

When the food passes into the small intestine, there- 
fore, It meets with the iutostiaaljuice, which is secreted 
with activity at that time ; and by the contact of this 
fluid, its starch ia rapidly transforracd into sugar, and 
then held in solution by the intestijial fluids. 

47. Pancreatic Juice. — There is still another secretion 
which is mingled with the food in the cavity of the in- 
testine, viz., the Pmicrealic Juice. As its name indi- 
cates, this fluid is the production of the " pancreas," a 
gland situated near and a little behind the tower bor- 
der of the stomach. The pancreas discharges its secre- 
tion into the upper part of the small intestine, a few 
inches below the situation of the pylorus (Fig. 18, j). 

The paucreatic juice, as it enters the intestine, is a 
clear, colorless, alkaline and rather viscid fluid, some- 
what similar in appearance to the intestinal juice. It 
. conUuns tb^ f'-Uo^'ing ingredients : 
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Composition op thb Pascbeatic Jcick is 1000 rtnTS. 

Wnier 900.70 

AllmniinouB malter 0O.S8 

MineriU ingreJienu 8. Mi | 

lOOO.OO 
It contains, therefore, a much larger proportioa of 
Blbuminous matter thau either saliva or tho gastric 
juice ; and, accordingly, it is more viscid than cither of 
these secretions, sometimes almost resembling white of 
egg in consistency. 

This albuminous matter is termed " Pancreatine." It 
may be coagulated by boiling, by the addition of an ex- 
cesB of alcohol, and by various other cheniical means. 
It is the principal and most active ingredient of tlio 
pancreatic juice. 

48. Action of the Pancreatic Juice on Fat — Tlic moat 
important property of this secretion is its action upon 
the oleaginous matters. Tiiese substances, ns wc have 
Been, arc not digested in the stomach. Tlii^y are only 
melted by the warmth of the body, or by the solution 
of the albuminous matters are set free from the tissues 
in which they were entangled. In the stomach, there- 
fore, they are always easily rceognized, floating in the 
form of oily drops and globules among the other ingre- 
dients of the food. 

But in the intestine these oily drops arc no longer to 
l>e seen. In place of them there appears a white milky- 
looking fluid, mingled with tho other substances in this 
part of the alimentary canal, which smears over its in- 
ternal surface, and collects in the little folds and hol- 
lows of its lining membrane. This white fluid is tho 
Chyle. It contains all the oleaginous matters of tho 
ibod, but 6o changed in their condition that they arc no 
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longer distinguishable by the naked eye. If wc es- 
amine it by the microscope, we nee tlial it is filled with 
excessively minute granules of fat, bo fine that they cau 
hardly be measured, and euspended in the albuuiiaous 
liquids like an emulsion. 

The chyle is, in fact, an emulsion, which has been 
produced by the action of the pancreatic juice ujwn the 
oily particles of the food. 

If we take a quantity of fresh pancreatic juice, and 
shake up with it a little otiie oil or other fatty eub- 
stance, the same effect is immediately produced. Tlie 
oil is at onc-c disintegrated and broken into minute par- 
ticles, which are then disBcminated through the mix- 
ture, forming a perfectly white, opaque, milky-looking 
fluid. Thia action is accomplished by the albuminous 
ingredient of the pancreatic juice, which is known as 
"pancreatine." Wo have already seen, in a former 
chapter (p. 60), that fresh white of egg will produce 
this effect upon oil when shaken np with it in a glass 
vessel. Now pancreatine is very similar in its proper- 
ties to the white of egg, and especially roBombtes it in 
this action which it exerts upon the oily parts of the 
Ibod, by which they are converted into an emulsion. 

This change, when accomplished, is Bufficient to com- 
plete the digestion of the fat; for in the emulsioncd form 
it is capable of being absorbed by the vessels, and thus 
received into the general current of the circnlatton. 

49. Periataltic MovBme&t of the Intestine. — At tlie 
same time that the changes which have now been de- 
scribed take place, the elements of the food, mingled 
with the various digestive fluids, are carried from above 
downward by the peristaltic action of the intestine. 
For the intestine, like the cesophagns and tho etomach. 




u provided with a double muscular coat, consisting of 
longitudinal and circular fibres. Tlic action of these 
filires may be seen very plainly in the intestines of the 
OS or sheep, immediately after they are removed from 
the body of the slanghtercd animal. Indeed, it is in 
this part of the alimentary canal that the peristaltic ac- 
tion is most active and most distinct. A contraction 
takes place at 3 particular spot, by which the intestine 
is reduced in diameter, its sides drawn together, and its 
contents forced onward into the next portion of the ali- 
mentary canal. This contraction then extends to the 
neighboring parts, while the portion originally con- 
tracted becomes enlarged j so that a slow, continuous, 
creeping motion of the intestine is produced, by suc- 
cessive waves of contraction and relaxation, which in- 
cessantly follow each other from above downward. 

The effect of this ia to produce a peculiar writhing, 
worm-like movement among the coils of the intestine, 
by which the food, while undergoing digestion, is stead- 
ily carried forward, so as to traverse the entire length 
of the email intestine, and to come in contact success- 
ively with the whole extent of its lining membrane. 

60. Complete Digestion of Food in the Intestina — In 
this way the complete digestion of the food, and at the 
same time its absorjition, are provided for. Fop, as the 
iood moves slowly from above downward, those por- 
tions which are already digested are removed by ab- 
Rorption through the lining membrane. Tliis loaves 
the remaining portion of the food more fully exposed 
to the contact of the digestive fluids, until, toward tho 
lower part of the small intestine, the whole has been 
thoroughly Hciuefied and converted into materials fitted 
for absorption. 
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Thus, in different parts of the small intestine, thu ap- 
peai-ancu of the alinieniary mass is diSereiit, according 
to the Btoge of the digestive function ; and its progreea 
xamining the alimentary canal during 
digestion in eomo of the 
lower animals. The turbid 
mixturo which passes out 
of the stomach into the in- 
testine when the animal 
has been fed npon meat 
(Fig. 24), contains muscu- 
lar fibres, separated from 
each other and more or less 
disintegrated by the action 
of the gastric juice. The fat 
jicia''iiu3 wiih vesicles are but little alter- 
SnSt'(X'^e«.S=.^«^^ «-'<!. and there are only a few 
"""= ■■ o'lK'""""* free oil globules to be seen 

floating among the other ingredients. 

Fis. 9B. In the upper part of the 

intestine the muscular fibres 
are farther disintegrated. 
They become very much 
broken up, pale and trans- 
parent, but can still be reo- 
ogniEcd by the granular 
markings and striations 
which distinguish their 
structure (Fig. 25). The 
fat vesicles also begin to 
ju btcome altered. The solid 
granular fat of beef becomes 
li'liiefied and emulsioned, 
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I and appears under tho rorm of oil-drops and fiitty moU 
I eculcs, and milky chyle shows itself in greater or less 
' abundance; while the fat vesicles tbcmsulvcs are pur< 
I tially emptied, and become, accordingly, collapsed and 
" shriveled. 

In ihe middle and lower parts of the intestine (Hgs, 
?6 and 27) those changes continue. The muscular fibres 



Fig. 37. 
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become constantly more and more disintegrated, and a 
large quantity of granular debris is produced. The fat 
at the same time progressively disappears, and the ves- 
icles may at last be seen entirely collapsed and empty. 
In this way the digestion of the different ingredients 
of the food goes on in a continuous manner, from the 
I stomach throughout the entire length of tho Fmall in- 
' testlne. At the same time, it results in the production 
of three different materials, vik, : 1 st. A solution of al- 
buminons matters, produced by the action of the gas- 
tric juice ; 2d. An oily emulsion, produced by the action 
of the pancreatic juice on fat ; and, 3d, Sugar, produced 
from tho transformation of starch by the mixed inte» 
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tiDal juices. These substances are then rearly to he 
takcQ up into the circulatioa ; and a.s the mingled in- 
gredients of the intestinal contents pass successively 
downward through the alimentary canal, the products 
of digestion, together with the digestive secretiona 
themselvee, are gradually removed and ahsorbed by 
the vessels of the lining membrane. 

Thus the food, which is taken into Uie mouth in the 
form of bread, meat, fruits, and vegetables, is reduced 
and transformed by the action of the digestive fluids, 
until its nutritioiw ingredients are eepsrated from each 
other and converted into new matcn&lB. The refute 
niattcrs which arc not digestible, and which can serve 
no purpose in the nourishraeiit of the body, are at the 
same time eliminated and rejected. They pass into 
the large intestine; while the untritious porliona re- 
main behind, ready to be taken up into the cun 
the circulation. 






QUESTIONS FOR CHAPTER IV. 

1. What is the object ofS^ttion t 

2. What U (he alimmlarif nmalr 

3. Bj what Ls the fuoil digested in the aUmentniy canal f 

4. In what way ia il digesieJ ? 

C. Namo and descrilie the ilifTcr^nt pans of the atimentaiy canal. 

ft. To what two procGsws is the food Euljecled in the wonrJI T 

7. WhalisHHUifiiulionr 

B. What are the orgoii* ornuutiutlian? What are Ihcv compmed 
itf, and wlint are tlicir diflereni pans? 

!). How many difTerent kinds of teeth are there, and hon- manj at 
each in each jav ? 

10. WliBt is the BilDBtion, form, and ate of iha iHcitors t of the co- 
nitiuT of the moiaraT 

It. How are the movrntnis of maiiicntion perfbnned? 

12. By what glondi ia the saCita produced i 

13. At what tinie is it mott kbandani]/ teenteidr 
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It. Wlutt is iu appennuire, and uhat Hre its in(,-redienu F 
15. llow much saliva is produt-cd in tncnlj-four LoureF 
IG. lAliftiiire tbsiuesof thefflllvn? 
IT. llow does tlia fongue D3»at in maslii^ation ? 
18. Whaii.t ilic mmbineJ eflccl oi Ihc saliva aiid mastication? 
13. A[ wliat point does the food pan beyond tLe control of Ibe 
will? 

20. What ti the nmctxxre of tha afofihat/Ba r 

21. How is tliG food BtrallowBd into tbe Htomach ? 

22. What i» the Btmclure of the jfonncA ? of Us lining membrane? 

23. What digestive fluid is produced in tbe Btomnch? 

24. At what time is Ibe gafiric juice eecreted? 

2ri. What is the action of (he mttruLr coal of the slomach 7 
2G. What is the appeatsnce of the gHstric juice, and what are ill 
ingreiliffnts ? Which is the moat imporlJini 7 

27. What effect does the gastric j-.iice have upon Ibe food? 

28, Which of the ingredients of the food are di»oI\ed hy ilie gas- 
Iric jiuce? 

39. In what wa; does tbe pcpsinc act in digesling the food ? 
8a What (imperii (are is required for the action ofihe gastric jiuceT 
31. Wlial effect does the gastric juice iiuve upon imlif 
33. Where docs the food pass aficr Icaiing the cavitj of the 
■toiDoch 7 

33. What kioda of food are most cosily digestible ? 

34. What arc the best methods of cootimj fboil 7 

35. Why ufritd food apt lo be difUcalt of digestion? 

36. Why should vegetables be very thoroughly cooked ? 

37. Why should the food bo taken in modrmU qmnfUgf 
3S. Why should It be taken al rtipilar limei t 

31>. What effect does nervous irrilalim have on llie jirocess of dl- 



40, What digestive fluid Is produced by the small intestbe? 

41. What are the Fotlicltt of Lieberkahn t 

43. What is the appearance of tbe intcntiniit juice 7 

43. What effect does it have upon the food ? 

41. What is Ihe appearance of the paHrrenlic juice t 

4S. By what organ is it prodaced, and where is it ponred itito tne 



4G. What are iis ingredients? 

47. What effert does ii have npon 'Jiefocil? 
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48. What 18 the fluid called which is prodaced by the digeBtion of 
thefiUs? 

49. What is its appearance? 

50. What It the *^peristaUie action'* of the intestine f 
61. What effect does it have upon the food? 
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I lining Membrane of Intestine — Valrutic Connivanies. — Villi.— 
tJounoHis. — Aljsorptinn b/ Living Membra Des.— Influence of Ibe 
Circuktion. — Blood-vessels of the Intcatine. — Portiil Vein. — Blood 
of the Portal Vein during Digeslion contains Albuminose, Sugar, 
and Chvle. — Clinnge in its nppcamnco owing lo Chjlo.— Uislribu- 
tion of Portal Vein in the Liver. — lienbaoriilion of ibe Digeclire 
Fluidi. — Ljinjibaiic Vessels. — Lacteal VcBseU. — Appearance of 
Lacleals during Digestion.— Keceplnculum Cbf 11. — Thoracic DocL 
— Discborgo of Digeflted Muttera into tlie Blood.— Their Tranefur- 
mation and Disappcarunce.— Nntrilion of the Bloud. 

51. Absorption of the Food. — Wc now enter upon a 
new chapter in the history of the materiuls of nntrition. 
The first stage in their progress toward the nourish- 
ment of the body has been passed, and they are now 
ready to undergo a different action ; for all the changes 
and modifications which wo have thus far studied in 
the digestion of the food have been simply a kind of 
preparation for that which is to follow. The diLfested 
and nutritious elements of the food arc still inclosed in 
the alimentary canal ; and, before they can reach theif 
destination and arrive at the tiesaes which they arc to 
nonrish, they must first pass through its walls and gain 
entrance into the blood. This process is known by tho 

; of Absorptiott. 

)W is thia passage from the intestine into tho bl 

;U accomplished? 

. Lining Hembrane of the Intestine. — The li 
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niembmne of the alimentarj' eaiiiil, ns we have alrpady 
Mill, is of great extent, For not only does it follow 
tlie whole length of the tulic itself, but in the Emnll in- 
testine it is thrown into a great immber of transverse 
folds or valves, called the VuimdiB coiiniventca. Ench 
valve is formed of a double layer of the lining mem- 
brane, folded niion itself at its inner edge like the 
plaiting of a rutfle; bo that nil of them, taken together, 
increase very much its extent of surface. As the small 
intestine itself measures twenty-five feet in length, the 
entire extent of its lining mcmbrano, owing to the folds 
just described, is at least doubled, or not less than fiAy 
teet in all 

This membrane, however, b exceedingly thin, soft, 
and flexible, so that it is easily contained within tho 
limits of the intestine. 

53. Villi of the Small Intestine. — But beaido this, the 
lining membrane of tho small intestine is beset throngh- 
out with a multitude of still moi'c minute elevations, in 
the form of delicate flattened, conical, or thread-like 
filaments projecting from its inner surface, which a 
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called the Vim (Fig. 28). 
They resemble the pointed 
elevations in the pyloric 
portion of tho stomach {jt. 
98), except that thoy are 
longer and more slender in 
shape. They are so closely 
set that they give to the 
surface of the lining mem- 
brane a fine velvety ap- 
niii ct(h.Bmditi.i»tii.c.*)rh>i.<-ir pcarancc, and an exceeding 
^jod-Tw-jteiUgWrnuiguHW, eoftness to the touch. Each 
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illuB is provided with a network of minute veBsels, 

:Ii which the blood circulates iu a multitude of 

!illo3Culatilig currents. 

These villi are the principal agents of absorption I 
They hang out freely in the cavity of the intestine, and 
penetrate every where into the digested material which 
it contains. They are the rootlets by which tlie Hniiij; 
membrane absorbs the nutritious elements of the food, 
just as the roots of a [ilant absorb nourishment from 
the soil in which they arc irobetlded. 
54. The Nature and Method of Absorption. — But there 
no openings in the substance of the villi, which on 
le contrary present every where a continuous and un- 
Irokon surface. How is it, therefore, that the nutri- 
tious fluids can 6nd an entrance? 

It is owing to a peculiar action manifested by the 

animal membranes, which enables certain fluids to pass 

itly through their substance by a kind of transnda- 

imbibition. This action is known by the name 

Endoamotis. 

Every animal membrane will absorb certain fluids 
rith greater or less facility. If you take a dried blad- 
T and place it in warm water, it will gradually ab- 
irb the liquid, and become thickened, moist, and pli- 
ifcle, nntil it recovers nearly its original appearance 
«nd consistency. Tliis will take place usually with 
any substance formed of an animal tissue, but it does 
not always happen in exactly the eamo way. Each 
animal membrane will absorb some fluids more read- 
ily than others. Tlius some of them will absorb puru 
wat«r more abundantly than n solution of salt, or a 
.wlntion of sugar more readily than one of gum; and 
le same liquid will be absorbed more readily by o 
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membrane, and less bo by others. Thus every anini:tl 
membraDC hne n special power of absoqitioii for certain 
liquidB, which it will take up in greater or emaller quait- 
tity, according to their nature and eompofiition. In all 
cases, however.lhere is a natural limit to tliU quantity, 
beyond which absorption will not continue. 

6S. Absorpticn b; the Blood-ressels. — Now this power 
is exhibited by the animal nicmbranea much more ac- 
tively during life than after death ; because, first of all, 
the living membranes are perfectly fresh and unchanged 
in their structure, and, second, because they are filled 
with the circulating bluod moving incessantly through 
their vesgels. Tliis increases very much tlie quantity 
of fluid taken up; because the blood absorbs the new 
materials Jrom the animal membrane, just as the mem- 
brane has absorbed them from tlie cxtenial liquid, and 
this blood, passing immediately away with the current 
of the circulation, is followed by a new supply, which 
takes up in its tnm what has accumulated since. Thus 
the animal membrane is constantly relieved of the fluid 
which it has already absorbed, and is then enabled to 
receive a fresh supply; just as a resenoir, which re 
ceivcB water at one extremity and discharges it by a 
wKste-pipe at the other, may be kept constantly full 
but never running over. Accordingly, the absorbing 
power of the living membrane ib not easily exhausted, 
but remains in full activity bo long as the blood con- 
tinucs to perform its work. 

It is in this way that the digested fluids arc conveyed 
from the intestine into the blood-vessels. The liquid 
albuminosc fi^m the stomach, and the sugar produced 
from the digestion of starch, are both dissolved in the 
fluids of the alimentary canal, and are thus made ready 
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for alMorption. Even tho oily substances of the chyle 
are capable, in their mioiitL'ly disintegrated form, of 
penetrating the substance of tlie villi, aud of entering 
blood-vessels. For it is found that the fine parti- 
cles of a milky emalsion may be absorbed by an aoimal 
membrane, although the oil in its natural condition can 
not pass through its substance. And, in point of fact, 
if the villi from the small intestine, during digestion, be 
esamiued by the microscope, they arc fonnd to be tur- 
gid with chyle, and penetrated every where with its 
minute oily particles. Thus all the materialE of the di- 
gested food are taken up by the villi of the alimeDtary 
canal. From the villi they pass directly onward into 
the blood. 

50. The Portal Vein and Circnlstion Ihron; h the Liver, 
— ^Tlie courao of tlic lilood-vt'ssfis, wluch nih-v jiassing 
through the walls of the intestine return from them to 
tlie heart, is n peculiar one, and merits a particular de- 
scription. We have already seen that each one of the 
intestinal villi is filled with a network of minute vessels. 
These vessels terminate at the base of each villus in a 
Utile vein, which receives the blood coming from it, and 
unites with other similar veins returning from the adja- 
cent parts of the intestine. The branches so formed 
unite with still others coming from more distant re- 
gions, like so many differeut roads all joining a com- 
mon highway. In this manner, the veins, returning 
from all parts of the intestine, are at last collected into 
a single great trunk, which is known by the name of 
the Portal Vein. The portal vein therefore contains 
all tlie blood which has traversed the lining membrane 
of the int«)itin!il canal, together with the substances 
which it has absorbed from the intestinal cavity. 
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The portal rein, cooneying the blood Otas tnacled 

with nmritiouB mat«rials, passes vpvard through the 

cavity of the abdomen nntll h reaches the Htnalioo of 

the liver, 

Ufiv, however, iDstead of cootinnini: its course Ht- 
rvctly toward the heart, il passes into the mbsiancv of 
tilt' liver, where it ondergoes a very eingnbr distri- 
bution. It iii on this account that il has received (he 
tiumc ot' the " portal" vein, because it enters the lircr 
by a kind of fisaure or "gateway" upon its under sar 
fnett. Once within the substance of the organ, it divides 
ri((hl and left into two great branches, which peoetl 



I the two opposite sides of the liver; and then, dividing 

f*BtiU into smaller and more numerous ramifications, its 

' branches at last reach the little glandular lobules of 

which the whole ortcan is composed. Here they finally 

brvak np into a plexus of minute vessels, as fine as those 

i.-hich originally occupied the substance of the iutesti- 

nal villi, and which fill the entii-c substance of the liver 

■ vith a similar vascular networV 

Beyond the glandular lobules ol the liver, the blood- 
aels agi:in collect into little veins, aud thoac from the 
P neighboring lobules unite into larger branches, like 
r those from the adjacent villi of the intestine. Now, 
!• however, the veins so fomied are called the "hepatic 
I Teins;" andby repeated junction, those coming from all 
I parts of the liver are at last united into one common 
L Hepatic Vein. This vein soon afterward dischai^es its 
I Hood into the great venous current returning directly 
P to the heart. 

s the blood which has circulated through the iin- 
hg membrane of the intestine, and which has there ab- 
li<orbcd the digested mateiials of tlie food, is compelled to 
^pass through another set of inosculating vessels before 
Tetuming to the heart. Arriving at the liver by the 
portal vein, it is there distributed through all the vas- 
cular channels of the organ, and comes into contact ev- 
ery where with the substance of its lobules. We shall 
see hereafter what important changes take place while 
the blood is thus pursuing its course through ihe depths 
of the glandular tissue. Plaving accomplii^hed this pas- 
sage, however, and still bringing with it the nutritiuns 
materials of digestion, it arrives at the heart by the 
I great veins of the abdomen. Here it finally dischai'gci 
nitM load into the general mass of the circulating blood. 




G7. Beabsorption of the Digestive Fluids. — But at the 
eamc time tljat the elcmcuts of ihe food ari^ tliua taken 
lip from the iotesiine and conveyed into the blood, the 
intestinal juices thetnBclvea arc also absorbed and re- 
turned to the blood from which they came. For it is 
the blood which originally fumifihed all the materials 
for the digestive fluids. The saliva, the gastric juice, 
the intestinal juice, the pancreatic juice, are produced 
by the glandular organs and the lining memhrane of 
the alimentary caual, as we have already described; 
but thoy are produced at the expense of the blood, 
which necessarily supplies the requisite nourishment 
for all the organs of the body. 

Now these digestive fluids are secreted in large quan- 
tity. Taken altogether, not less than twenty pounds 
of animal juices are poured into the alimentary canal 
every day for the digestion of the food. If this quan- 
tity were simply drained away from the blood, it would 
prove utterly exhansting to the animal frame. The di- 
gestion of the food would cost more, so to speak, in the 
waste of the digestive fluids, than it would return to 
the body in the form of nourishment. 

But none of these fluids are lost. They are all taken 
up again by the vessels of the lining membrane, to- 
gether with the elements of the food which they have 
served to digest. What the blood-vessels absorb, there- 
fore, is not simply the nutritious elements of tlie food, 
but these nutritious elements dissolved in the digofilive 
I fluids. Tlie albuminous matters, when transformed by 
the pepslnc, are at once liquefied in the abundant gas- 
tric juice ; the sugar is dissolved also in the intestinal 
fluids; and the chyle, as we have seen, is really an 
emulsion of the fatty particles in the albuminous Uquid 
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I ftf the pancreatic jnice. All tlicse Gubetancoe, digest- 
I firs and dJgeBtvd, are finally absorbed at the same time 
['by the blood-vessels of the alimentary canaL 

The digestive fluids, accordingly, perform a sort ot 
I cdrculation ; paxsiug from the blood to the intestine, and 
[ from the intestine back again to the blood. They are 
' the messengers, Bont out by the blood to collect the nu- 
tritious elements in the alimenlary canal, and then to 
return with them into the current of the cii-culation. 

59. Absorption by the Locteals. — But the abi>orption 
of the food is also accomplished in part by another set 
f of vessels, differing from those which wo have hereto- 
1 fore described. These vessels are the ZacCeuls. 

Tlie lacteaU are simply part of a great system ofvas- 

L eular channeU distributed throughout the body, which 

I are called the " Ljinpbalio" or "Absorbent" vessels, 

I In the skin, the muscles, the internal organs, the lining 

membranes, they begin by a fine network, imbe<ided in 

[ the tissues, and then collect into small branches which 

run upward and inward toward the great cas-ities of 

a chest and abdomen. They finally terminate in the 

veins. Those coming from the right arm and the right 

eide of the head and neck empty into the veins of tbia 

part of the body. Those from the legs and thighs pass 

into the cavity of the abdomen, where they are joined 

by other* coming from the loimi, the kidneys, the spleen, 

the liver, stomach, and intestine. All these collect into 

a single tube or dnct, not more than a quarter of an 

itch in diameter, which then mounts from the abdomen 

I into the chest, and runs upward along the spinal col- 

^nmn. This tube is called the "Tlioracic Duct." It at 

; rifles from the chest into the lower part of the 

, and then, curving forward, terminates in the 
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great Bubclavian tgih, not far from the region of the 
heart (Fig. 29). 

Now these vessels are iueesBOntly engaged in ab«orp> 
tion. Tltey take up constantly, from alt parts of the 
body where lliey are distributed, a trauepareut and 
colorless liquid, wliich is termed the "lymph." It is 
CO this account thai they have received the name of 
lymphatics. Tlie lymph represents a portion of tboao 
ingredients of the tissues which have become nseless, 
and which must be restored or renovated before tbey 
ean again take part in the functions of life. Tbey are 
therefore taken up by tlio lymphatic vessels and con- 
veyed back toward the heart, there to be mingled with 
the current of ihu venous blood. 

The lymphatic vessels are not readily distinguished 
by the eye. First, because they are very email in size, 
and their walls exceedingly thin and delicate ; and, sec- 
ondly, because the lymph which they contain is colorless 
and transparent. The blood-vessels we can easily see, 
even when their walls are thin, owing to the red color 
of the blood which they contain ; but there is nothing to 
distinguish the course of the lymphatics, since both their 
walls and their contents are equally colorless. They 
are therefore easily overlooked, unless we take especial 
pains to search for them among the other tissues. 

The lymphatics of the intestine arc exactly like those 
of other parts of the body. They commeuee in the villi 
and in the subslance of the lining membrane, and thes 
pass inward to join those coming from other oi^ans. 
Usually they are almost invisible like the rest, for they 
contain only the transparent lymph, as we have already 
described. But when the digestion of the food is in fvU 
activity they also begin to take up the oily part 



il^m the cavity of the intestine. They become tnrjd 
r.'with chyle, aud then, enlarged and distended with thH 
I milky fluid, ttiey at once become visible to the eye ■ 

white rounded filaments, showiug tlirough the trani 
L parent coverings of the iniestiiie. They are thou called 
) the " lactcals," from their white color and the milk-like 
[ afpeaiTinco of the fluid which tliey contain. 

Tlic intestines, folded upon themselves in many turns, 

IB we liave ali-eady described them, are loosely attach- 
I «d to the spinal column by a broad Bhcet of thin mem- 
T braoe, like the bund of a niflle, which is called the 

"mesentery." Tlirough this sheet the laclc.ll* pass 
h from the intestine toward the back part of the nbdo- 

meu; and there, just before moanting into the chc&t, 

they unite into a little cavity or sac, which is called the 

" receptaculum chyli," or " rcccptat-Ie of the chyle," sit- 

nal^d ju»t at the commencement of the thoracic duofr'M 

(Fig. 29). 
Accordingly, the absorbent vessels of the abdomcif 

have a very difi'ercnt appearance at different times. 
[ the internals of digestion they are nearly invisible, for 
I they are then merely lymphatics, and contain only a I'ul- 
\ OrlesB fluid. But during digestion they present them- 
LmIvcs aa an abundance of tine white glistening ducts, 
B.'Converging every where from the folds of the small iii- 
I testine, and uniting with each other at the reeeplnculum 
Thence- the chyle is carried onward through the 
■'tliuraeic duct and is discharged at last into the blood 

fOf the subclavian vein. When the process of digestion 

( terminated, and all the chyle has been exhausted 

B|h>m the cavity of the intestine, the lymphatics of tlie 

^bdomen return to their former condition, and becom^g 

igain colorless and invisible as before. 

F2 
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Thas the chTle 
produced during di- 
gestion IB conveyed 
into the circulation 
by two different 
routes, Firat,bytlie 
blood-vessels of llie 
iiitfsline, thron,i:li 
tlie portal vein and 
llie liver, to the he- 
patic vein ; and, sec- 
ondly, by the lactc- 
nls and the thoracic 
duct to the snbcla- 

cordingly,all finally 
nglcd with the 
lilood returning to 
ihe heart, 

o!). Changes in tlie 
Pood after it is Ab- 
sorbed. — Tlie litslory 
of absorption is not 
yet finished. 

Thus far wc have 
seen how the sub- 
stances produced by 
digestion are taken 
up from the intes- 
UKtwi. ud Lymphiika. tlnal canal and min- 

gled with the circulation. But they aie not yet ready 
for nutrition, since they are still different from the nat- 
ural iugreilients of the blood. Tlie albuminous matter 
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Ibnced in digefitton is not the same with tho nlbamen 
if the biood. Sugar also is a substance wbich is not 
be found in the blood -vessels generally; and the 
nilky chyle, bo abundant in the portal vcm during di- 
PFtion, is not an ordinary ingredient of tho circulating 
laid. These substances, therefore, must be still farther 
Bioditicd and traiisfonned before tho nutrition of the 

>od is complete, 
, This transformation is accomplished in the blood-vca- 
mIs. Soon after entering the circulation, the aibumi- 

se, which was absorbed by the intestinal veins, disap- 
pears and is replaced by the natural albumen of the 
blood. This is a metamorphosis or conversion, similar 
to tliat by which tho albuminoso was itself produced by 
|he gastric juice in digestion. The other ingredients of 
Uic circulating fiuid act upon it by catalysis, and change 
it into the substance necessary for the composition of 
the blood. 

Thus the albumen of the blood is finally recruited 
from the nutritious elements oftlie food. Itut tt is only 
atYer these have undergone a double transformation ; 
first into albuminoae by the influence of the gastric juice 
in the stomach, and secondly into albumen by the influ- 
ence of the blood itself in the interior of the vessels. 

Tho sngar and the oily matters also disappear soon 
after they are received into the circulation. We do 
not know exactly what becomes of them ; but they are 
amalgamated in some way with the natural Ingredients 
of the blood, and thus serve at last for its nutrition. 

00. Periodical Excitement of the Digestive Apparatus. 
— Finally, the whole process of digestion and absorption 
s accompanied by a remarkable excitement and conges- 
Ion of the alimentary canal. We have already seen 
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bow the liniDg membraoo of the elomach becomes filled 
with hlood when the food is taken into its cavity. The 
same tiling happens with the email intestine. During 
the act of digestion Ite lining membrane beeomes thick- 
ened and more vascular, at the same time that the pe- 
ristaltic movement of its walls is called into activity. 
While absorption is going on, also, its vessels are loaded 
with the nutritious fluids absorbed from its cavity, and 
return to the heart a larger quantity of blood than at 
other times. This continues until the process of diges- 
tion is complete, and until all its new materials have 
been distributed throughout the circulation. Tlien the 
unusual excitement and activity of the alimentary canal 
gradnally subsides. Its walls become paler and softer; 
its muscular contractions grow less frequent and active; 
and, finally, the whole intestine is restored to its ordiu i- 
ry condition of repose. 



QUESTIONS FOR CUAPTEE V. 

. What u ahtorpiioa T 

'.. Vniit are tbe volwlit cannicenlrt ot llic fmaW iiilc 
I. Whnt Die lliG villi o( tlic sniall inlestinc ? 
. Whnt ia tbe fdnrdon of the villi? 
>. What is endoimoni, and liow is it regnlated? 
I. How (loea tho circulation of the l\oo<i MBciet in abt 
'. How nre tbe hloml-vessek arranged in ilia villi? 
I. Into what vein do they cmptj ? 

I. What doM the blood of tha ponni vein cantiia dnrioK ll 
tion of Ihe food 7 

.0. To what organ is the blood conrcyod by the portal van? 
t. Aftar passing through the liver, whither is ihc blood codv^mII' 
,3. What becnnies of the iliyrtlii-r Jlvidt during tlie dieestiiML,a| 
orplion of the food ? 

3. What ore ihe lymphatic or absorbent vcswls? 
:4. Where do they originale and whore do they le 
ri. In what duct do the lymphatics of ihc abdomen lermina 
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16. Where does the thontcic dact commanicate with the reins ? 

17. What is the general appearance of the lymphatic vessels, and 
3f the Ijmph which they contain ? 

18. What is the appearance of the lymphatics of the intestine dor* 
iDg digestion, and why are they then called ** lacteals ?*' 

19. By what two routes is the chyle convoyed into the circulation ? 

20. What changes take place in the dements of the ibod after their 
ibeorption ? 

21. How is the circnlation in the alimentary canal changed during 
digestion, and what is its condition after digestion is finished ? 





CHAPTER VI 

THE LIVKIl ANO ITS 

Sitnniioa and Stmclnre of the Liver— its LobiJes. — Bniary DudiC^ 
Secretion of Iho Bile. — GflU-blaJilcr. — Accuumlation of Bile in liu 
Gall-bluJder — ita discharge into (he Inlesline. — Ajijiearaiice nnd 
t'ompuBicion ofllie Uile.— Uilinnr SaJts. — Mode of cxCrauting Ihem 
from ihe Bile, — Their Crj'sinlliiatioii. — Chnngra of Ihe Bile in iha 
Intestine — iM absorption by the Blood. — Function of llie Biic — 
Formaiian of Sugar in the Lii-er — its iibsoq>tion by the Blood-vea- 
■ell. — Sugnr flnallj' decomposed in the firculatioa. 

From wliat ^ro have ah-eady loamed, it is evident 
that the liver plays a prominent part in regard to the 
process of absorption. Placed in the immediate neigh- 
borhood of the digestive organs, and united with them 
by various anatomical connections, it is, to some extent, 
associated with them in function. It ia also the gr«at 
highway through which the blood passes in its couroe 
from tlie intestine to the heart, and wliere it undergoes 
certain changes of the greatest importance. 

61. SitnationandVBacul&rity of the Liver.— The liver 
is a large and solid organ, placed in the upper part and 
on the right side of the abdomen, a little above the 
level of the stomach. If we place the open hand over 
the lowermost ribs of the right side of the body.it will 
almost exactly cover the situation of this organ. It re- 
ceives, as wo have seen, the portal vein, which ramiiieH 
extensively in its substnacc. It ia also snpplied with 
an artery ; but this artery is comparatively of small 
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size, and l>y far the larger portion of the blood which 
circulates in the liver comes from the braiiehes of the 
portal vein. 

Tlie first and most well known function jwrfonned 
by the liver is the production of the -Bifc. 

62. Btmctore and Secretive Function of the Liver. — If 
we examine the minute structure of the organ, wo find 
that it is composed of a great number of email rounded 
granular masses, closely packed together, which aro 
called its " lobules," It is into the substance of these 
lobules that the minute blood-veFsels penetrate, and 
form there a fine vascular network. 

But beside these blood-vessels there is another set of 
tubes, equally delicate, which com.mence in the sub- 
stance of the lobules and join each other in the spaces 
between thenL They then unite into branches like those 
of the veins, and, continuing their eouree from the deep- 
er parts of the organ, finally emerge at the great fissure 
or gateway at its under surface. These little tubes aro 
called the "biliary ducts." 

Tlie liver is accordingly drained thronghont its sub- 
stance by a mnltitude of fine ducts or canals, like ilie 
ditches of a cultivated finld ; only these duels are of 
minute size and disoeminated every where Ihioughout 
tho organ, collecting at last into a main tube or sliiiic- 
way at its surface. 

Now ill the interior of these ducts there npjjears a 
watery fluid, of ft rich brownish yellow color and a bit- 
ter taatv, containing many different ingredients of a 
peculiar nature. This fluid ia the Sile. It is formed in 
the interior of the lobnles, and is taken up from them by 
the little canals in their tissue. As it accumulates in iha 
uualler ducts it fills the larger branches also, and is Dum 
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eonducted into the main channel at tho under surface of 
the organ. 

How is it that the bile is formed in the substance of 
the lobules ? 

This is another example of that singular transforma- 
tion of which we have already seen so many instances. 
'Xonc of the more important ingredients of the bile are 
to be found in the blood ; and yet the blood is the only 
source from which the liver derives its nourishment. 
But, as the lobules absorb from the blood its nutritious 
elements, and fix them iu their own substance, they at 
the same time transform or change some of them into 
Other materials. We can not explaui more fully the 
manner in which this takes place ; we only know that 
this is a property belonging to the tissue of the lobules^ 
just as it is the property of the gastric juice to change 
the albuminous substances in digestion. It is thus that 
the peculiar ingredients of the bile, giving it its bitter 
flavor, its yellow color, and its other important proper- 
ties, make their appearance in the interior of the liver. 

The liver is therefore a kind of manufactory in which 
a new fluid is produced, difTerinj; from the blood by 
wliich its materials are supplied. 

From the great fissure upon the under surface of the 
organ the main biliary duct passes downward to the 
small intestine, which it reaches at the distance of a 
few inches from the pylorus (Fig. 18,/). Here it pene- 
trates tho wall of the intestine, and opens into its cav- 
ity by a small orifice on the inner sm-face of the lin- 
ing membrane. 

Thus the bile, first protiuccd in the liver, is conveyed 
don-nward by the biiiaiy duct, and finally diaehairod^ 
into tho upper part of the small intestuic. 
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But about midway between the liver and the intes- 
tine the biliary duct coumiuaicatcs with a membranous 
sac or bag, which is called the GaU-bladder. It is a 
muodcd, pear^haped bag, about three inches in length, 
attached to the under sui-face of the liver. It can be 
easily recognkcd, both in man and iu most of the ani- 
mals used ae food, by itB form and situation, aud by its 
beiug filled with dark liquid bile. Tlic bile, iii fact, ac- 
cumulated in the gall-bladder as in a kind of reservoir. 
A portion of it always passes duwnwaivl through the 
biliary duct, aud is discharged at once into the intes- 
tine; but a portion is also turnu'd back into the gall- 
bladder, especially in the intervals of digestion, and 
JB there stored away for future use. The longer the 
time which has elapsed since digestion, the greater the 
quantity of bile which accumulates in the gall-bladder. 
Consequently, this organ varies very much in size at 
different times. Immediately afler dtgeation it is small 
and collapsed; but if examined after one, two, or three 
days of fasting, it is found full of bile, and increased to 
two or three times its former dimensions. 

Beside, the bile which is contained in the gall-bladder 
18 somewhat different from that which is still in the bil- 
iary duels. In the ducte within the substance of the liv- 
er it is thin, watery, and yellowish. In the gall-bladdev 
it is thicker, darker colored, and viscid in consistency. 
While retained in the gall-bladder, therefore, it suffers 
• certain change; and this change is principally due 
to s viscid substance or "mncus," which is secreted 
by the gall-bladder, and mingled with the bile which 
it contains. 

63. FhyBical Appe&rancs asd In^redientfl of the Bila — 
Owing to the accumulation of the bile iu the reservoir 
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of the gall-bladder, we can easily obtain it for examina> 
tion. 

Aa it cornea from the gall-bladder, the bile is a rather 
Tificidfluidofa golden-brown eoior, which often varies 
through many different shades of yellow and green. If 
we Rhakc it np in a closed vessel with air, it becomes 
very frothy and soapy in appearance, entangling the 
bubbles of air, which adhere closely to each other and 
to the surface of the fluid. 

The ingredients of the bilcare, first, water; secondly, 
certain substances of an aniinal nature, combined with 
soda, which are its most peculiar elemeuts, and which are 
therefore called the "Biliary salts;" thirdly,a coloring 
matter, which gives to the bile its greenish or brownish 
hue ; fourthly, substances of a fatty nature ; and, lastly, 
mineral ingredients. Mingled with these, as we have 
already mentioned, there is usually a small quantity a 
mncuB from the lining membrane of the ga1l-bladd< 

The proportion of these ingredients is as followBil 

CoKPoeiTioN or the Bu.h ih IOOO pxbti 

Wnier 880.00 ' 

Qilioiy salts 90.00 1 

ColoriDg a-id Ikn? matiers IS.42 i 

MiBeral ingredients IS.3'% ' 

Mncus of Ibe giill-bUdiler I.M 

1000.00 

Of all those ingredients, those which are called the 
" Biliary salts" are the most important. They may bo 
extracted from the dried bile by pure alcohol, since 
they are soluble in this fluid, and are thus separated 
from other impurities which remain behind. But if 
ether be afterward added to the alcoholic solution, the 
biliary salts separate from the mixture, and arc then 
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dowly deposited in a crystalline form. Tlie crysM 
s at first very minute anil of various shapea. Aflei'^ 
ran! they gradually increase in sisy.', until they Bome- 
Btimos become visible to the naked eye Fig. so. 

|(Rg. 30). 

The entire quantity of the bile which 
■ secreted during the day varies in dif- 
reot kinds of animals. A^ a general I 
Inle, it is more abundant in those whieh | 
■live upon vegetable food than in those 
vwhich are carnivorous. In man, the 
■%est calculations show that the daily I 
■.^aQtity of bite is about two pounds I 
f«nd a half. 

64. Fsnctlon of the Bile in the Intaa- I 
I line. — What purjKise does ihc bile serve | 
pin the alimentary canal ? 

This is not an easy matter to decide ; I 
pfcr, notwithstanding the abundance of I 
the bile and its remarkable characters, , 
it« ingredients are so difl'erent from those ms'^i,ne!^p"' 
ofthe other secretions, and its functions OcdanimeB. 
Kre BO obscure, that this has been found one of the most 
difficult of all the questions connected with the diges- 
tion and absorption of the food. What has betn really 
learned in regard to it is as follows : 

First of all, the bile is secreted and ponrod into the 

slimentary canal at all times. It is not like the gastric 

r juice, which is produced only during the period ofdi- 

Igestion ; but it is incessantly formed by the liver, and 

la COQtinnally discharged into the intestine by the bilia- 

f daot. It is always to be found, therefore, in greateEd 

8 quantity, in the cavity of the alimentary c 
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where it can be easily recognized by its yellow color, 
and by the chemical tests which are employed to de- 
tect it, 

N^everthelcsB, it ia poured into the intestine more 
abundantly at the beginning of digention. At this 
time, and within a fevr minutes allcr the food is taken 
into the stomach, the commencing excitement of the 
whole digestive apparatus is communivated to the gall- 
bladder. Its mnscnlar fibres contract, and it tlms dis- 
charges the bite which has accumulated witliin it into 
the upper part of the small intestine. It ia for this rear 
son that the gall-bladder is found empty soon allcr di- 
gestion, and agaiu distended with bile when a long in- 
terval has elapsed. 

But, after the gall-bkdder is emptied, the liver still 
continues its activity of secretion, and the bile which ii 
produces is still conveyed into the intestinal cavity. 

Here, however, it gradually disappears. Abundant 
in the upper part of the small intestine, it is less so in 
the middle and lower parts, and, finally, it is no longer 
to be recognized cither by its color or by its chemical 
tests. Tliese tests also show that it is not discharged 
from the body. It is therefore withdrawn from the ali- 
mentary canal, and taken up by the blood-vessels at the 
same time with the digested elements of the food. 

But before being absorbed from the cavity of the in 
testine it is changed. Its peculiar ingredients^ the bilia.- 
ry salts, are transformed into other materials by the in- 
fluence of the intestinal fluids, and are then conveyed 
into the current of the circulation. 

Wo do not know what these new materials are. out 
we know that they are necessary to life ; for if the bile 
be not secreted, or If it be prevented from entering the 



SnteGtine, the onimalB eo 38*0010(1 die enfeebled and 
I emaciated. 

Thus the bile pauses through the alimentary canal, 
Dot for the purpose of assisting in the digestion of the 
fbod, but in order that its own ingredients may be 
I changed and converted into other Bubstancos. Tlie 
blood needs these substances for its nutrition, and they 
lire accordingly produced by means of the biliary secre- 
tion. 

ITiis is accomplished, again, by a double transfonna- 
tion. Ae the muscular flesh of our food is conrcrted 
first into albnminosc by the stomach and afterward into 
albumen iu the blood-vessels, so certain of the elements 
of the blood are transformed by the liver into the salts 
of the bile, and these again are changed in the intestine 
into new materials, which are finally absorbed by the 
blood-vessels of its lining membrane. 

65. Formation of Sagar ia the Liver. — Beside the foi^ 

nation of the bi!o, tlic liver performs also another and 

very important office ; that is, the production of svfffi'\ 

We have seen that when starch is taken with the 

I food it ia changed into sugar by digestion, and this 

I sugar is absorbed by the blood-vessels and thus carried 

> into the circuialion. Bnt there aro many animals who 

nevtr lake any starch or sugar with their food. Such 

' are all the carnivorous animals — that is, those who live 

L entirely upon the flesh of other animals. Tlieir food 

contains no vegetable substances, and consequently has 

I ao starchy ingredient. 

Now it is a very curious fact that in these animals 
I' the aabstanco of the liver always contains sugar. Even 
I when they have kept for many weeks or months upon 
[ no other food than animal flesh, sugar is slill found in 
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the tisBuo of the liver. Furthermore, no other organ 
in the body conlnins this snbstance, and even the 
blood with which the liver is supplied is equally destt- 
tuto of it. 

Therefore it is the liver itself which forms the sugar, 
in the»o cases, out of other materials. It would be toe 
long a history to describe all the ingenious and careful 
experiments by which physiologists have arrived al 
this conclusion; but there is now no doubt that in the 
carnivorous animals eugiir really makes its appearance 
in the liver, when no sneh material has been taken with 
the food. 

Tile same thmg is tnie of man, and of the herbivo- 
rouB or vegetable-feeding animals. For in them also the 
liv«r contains a certain proportion of sugar, no matter 
what may be the nature of the food consumed ; and 
this proportion is often greater than that which could 
be produced in the digestive process. 

The sugar thus produced is formed in the solid tissue 
of the organ itself. This tissue ab^oiba the nutritions 
materials from the blood, and then transforms a part 
of them into a saccharine ingredient. The same tissue, 
as we have already seen, also contains the elements of 
the bile ; and it is for this reason that Uie livers of cer 
tain animaiR, when cooked for food, have at the same 
time a bitter and n sweet taste. 

G6. Absorption and Decompoeition of the Liver-engar. 
— But the sugar, when once formed, does not remain 
in the liver. It at once begins to be absorbed by the 
blood-vessels of the organ, and bo, entering the ciren 
lation, passes onward with the blood of the hepatic 
veins toward the heart. Thns, in many cases, the 
blood of the portal vein coming to the liver contains 
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ar; while the blood of the hepatic veins, going 
■•way from it, is chatted with this substance which it 
I iias absorbed from the tissae of the organ in its pas- 



Soon afterward, the sugar disappears entirely. We 

1 have already seen how that which is produced by di- 

I gcslion is finally decomposed in the circulation ; the 

same thing happens with llmt which is aboorbed from 

the liver. None of it is to be found in the blood of the 

general circulation. 

In the liver, therefore, there are produced two differ 
ent substances, which pass away in two opposite direc- 
tions : First, the bile, which is absorbed by the biliary 
ducts, and conveyed downward to the intestine ; and, 
secondly, the sugar, which is absorbed by the blood- 
I vessels, and paaras upward to the heart. In either case, 
I these secretions arc afterward decomposed into new 
I inbstances, which finally take their place as ingredi- 
I tnts of the circulating blood. 

QUESTIONS FOR CIIAITEK VI. 

I. W)i*lia theBiniaiioDofibe/'i.-n'r 

3. What is the principal vessel which supplies il wilh blood ? 
S. Wlml is ihc principul scrrolion prodnced bj ihc liver? 

4. What are the Umlct oFihc liver? 

'•. What dnrls originate from the aubsUnrc of the lolmles? 

G. Where does the liile fiml mnke ils npjienrnnce in the livur ? 

7. How do the lobales produce the ingredients of llie bile? 

8. Wlierc ii the bile coiivejed h}' the mnin biliary duct ? 
0. What ia the siiunlioa and form of iho gall-bliJiier t 

10. What ia its nu? 

II. Al wb&t time does liio bilo acciimulnte in Iho giill-bladdcri 
13. How in it changed while remaining in the gall-lihiddcr? 
IS. Whnlit thecoiuinlency of ihebile? itscolor? 

14 What are ila ingredients? wliich aro the most important? 

11, How may itio bilinr» enlin be cstmcted from llie bilti* 
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IC. Is the bile more abandant in canuroroiu or in heitnTorons an* 
cmals? 

17. How much is prodaced in man daring twenty-foor hours ? 

1 8. Is the bile secreted occanonaU^ or constantly ? 

19. At what time is it poured into the intestine most abundantly? 

20. What becomes of the bile after it is poured into the intestine ? 

21. What other aubstaace is produced in the liver beside the bilef 

22. How do we know that sugar b fbnned in the liver ? 
23* What becomes of the sugnr prodaced by the liver? 
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Inpr-dientfl of Ihe Blood.— W«ter. — Sjlt. — Lima.— Albnmen.— 
I'roperties of Alljiiinon. — Fibrins — its I'ropcrUe*.— Blood GIAiilei 
— tboir Form — Siio — Color — Conaisicncy. — Wbiie Globules. — 
Qunntity of diflerent Ingredients In thu Blood. — CongiUation of iho 
Bluod. — Clot. — Senim. — Cooguliilion il:pcndeul on the Fibrine. — 
U«e of Conguklion in Sloping of BloctUng.— Why Blood does not 
Coacolaie in the Vcsseln. — Dailj Production and Decomposition 
of Fibrine.— Entire QDontiiy of Blood in the Body— its Vwialion.— 
Variation in Composition of tbe Blood. — Two different Kinds of 
Blood in the Body. 

We now come to the study of that remarkable fluid 
I which contains all the materials necessary for nutrition, 
\ Slid provides for the common support of the whole 
L body. Nourished itaelf by the elements of the digest- 
I ed food which it has absorhed from the intestine, it 
' compols them to assume a new form on entering the 
I l>Iood-ves8cls, and converts thum into its own ingredi- 
I ents. Thus it is constantly maintained in a healthy 
I condition by the incessant supply of new materials. 

All the processes, therefore, of digestion and ahsorp- 

I tion are subservient to the nutrition of the blood. 

67. FhysicRl Appearance and Composition of the Blood. 

— The blood is a thick opaque fluid, of a rich deep red 

hue, Bo peculiar that it may usually be distinguished 

by its color alone. It contains many different ingredi- 

I ents, of which the most important are, first, Water; 
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eccond. Mineral substances; and, tliird, Ai/mminous 
mailers. 

The water of the blood is what gives it its flaidity. 
For if the water be driven off by evaporation, the other 
ingredients remain behind in the form of a dry jnaes, 
which would be entirely uselees for the purpose of nu- 
trition. Hut in its natural condition the water of tho 
blood unites all its other ingredients into a uniform 
liquid, which easily moves through the blood - v easels, 
and di8solves the new substances which are absorbed 
from without. Taken altogether, the water forms rath- 
er more than three fourths of tho whole mass of the 
blood. 

The mineral ingredients are in much smaller propor- 
tion. The most abundant is common salt, which we 
know is takm with the food, and is a necessary ingre- 
dient of all the tissues. It forms, however, only about 
four parts in a thousand of tho whole blood. The com- 
binations of Ziine, which the bones and teeth require 
for their nourishment, ai'o found iu still smaller quan- 
tity, dissolved in the animal fluids of the blood. Other 
mineral substances of various kinds arc also present in 
their requisite quantity. 

But the most remarkable of all the ingrcdieDts ofthe 
blood arc its albuminous matters. It i^ tliese sub- 
stances which give to it its thick and animal consist* 
ency, and which also act tho most important part in the 
nutrition ofthe body. They are of two different kinds, 
which are naturally mingled together in the blood in a 
liquid form. 

The first of these is the Albutnen. We can olitniii B 
tolerably correct idea of the characters of albumen 
from the fresh white of egg, which has received a simv 
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rlar nsme. This is not exactly tlic eamo thing with tho 

I ilbumen of the blood, but etill the two resemble each 

other very ckisely. They may both be coagulated by 

boiling, when tlicy become solid, white, and opaqnp. 

The principal difference between them is, that the fre*ili 

, vhite of egg is partly gelatinous in consistency, whilu 

the albomeu of the blood is perfectly fluid, and may 

I readily be made to flow throtigh the veins, or to mu 

' from one glass vessel into another, 

' The albumen is about forty parts in a thousand, or 

ane twenty-fifth of the whole blood. It represents, in 

great part, the concentrated nourishment derived from 

the food, for it is probably into this substance that 

most of the albuminose is converted after being ab- 

, sorbed from the intestine in the digestive process. It 

is the material out of which the tissues of the body art) 

, Afterward formed. 

The other animal matter in the blood is the Fibrine. 
I Although this is in very small (jnantity, viz., only two 
I parts in a thousand, It is an exceedingly curious and 
I important ingredient. For it possesses a properly 
I which does not belong to any other animal substance, 
I viz., the property of "spontaneous coagulation" — that 
I, it will coagulate by itself, without being boiled or 
I brought in contact with an acid, or treated by any 
t Other chemical substance. We shall see hereafter what 
I ftn important character this property gives to the 
\ blood. 

But theso fiubstances are only the liquid portions of 
I the blood. They are all dissolied in each other, and 
V form a perfectly transparent and almost colorless fluid. 
I Beside them there are a multitude of little rounded 
^bodies oontiunedin the liquid mixtnre, which make thi 
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blood Opaque, and give to it its retl color. They are bo 
abundant that they arc crowded together by thousands 
in each drop of blood, and bo minute that they are only 
visible by the aid of the microficopo, Tliey are called 
the Blood Globuies. 
68. Olobnlea of the Blood. — If wo examine a drop of 
Fig. SI. blood under the microscope, 

we sec thu blood globules 
boating in profusion in the 
fiuid part& Each one ia a 
deUcato circular plate or 
^^ disk, somewhat like a piece 
of money in form, only with 
the edges rounded and rath- 
er thicker than the central 
part. Ill human blood they 
UBBDiaeiL are about ^^^a of an inch in 
diameter when measured across their flat surfaces, and 
about y^ ^o j of an inch in thickness (Fig, 31). 

The blood globules are exceedingly soft and flexible 
in consistency. In fact they are nearly fluid, like drops 
of very thick oil or honey, only they do not dissolve in 
the other parts of the blood, but retain their own form 
and substance. Consequently, when moving about in 
the fluid, as they often do under the microscope, follow- 
ing accidental currents in the blood, passing through 
narrow channels, and turning comers among tho other 
globules, they may be seen to twist about, and bend 
over, and elongate in various ways, and then resume 
their natural figure as before. This peculiar semi-fluid 
and flexible consistency is one of their greatest pecul- 
iarities. 

Wben seen by transmitted light and in thin layers, 
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they are of a very pale aml>er color and nearly trans- 
parent. Nevertheless they contain all the red color of 
the blood ; and when Been heaped together in layers 
only five or six deep, they show distinctly the ruddy 
color which belongs to them. Beside, if they are sep- 
arated by filtration or any other means, or if they are 
not formeii in their natural quantity, the blood be- 
comes paler, exactly in proportion as its globules are 
deficient. 

They also communicate to the blood its opacity. Al- 
though each globule by itself is trani»par«ut, yet, when 
they are crowded together and mingled with the fluid 
parts of the blood, the whole becomes opaque and ap- 
parently impenetrable to light. This is because the 
globules of the blood and its fluid parts are of a diifer- 
ent nature and composition, llie same thing will hap- 
pen when oil is emulsioned by a watery alkaline solu- 
tion. The oil is transparent by itself, and the alkaline 
liquid is transparent by itself; but if you mis the two 
together, the whole becomes white and opaque like 
mitk. So the globules of the blood and its fluid parts, 
mingled together, produce a thick red and opaque liq- 
uid. 

The red globules are the vivifying elements of the 
]>lood. Tliey communicate to it its animating and 
Btimulatiwg properties, by which all the organs am 
maintained in a condition of vital activity. We shall 
understand their action more fully when we come to 
Btndy the whole subject of respiration and circulation. 
We sltall then sec what is the precise fiinction of these 
globules, and how important an offlcc they perform. 

Beside the red globules, the blood contains other 
littie bodies of a different form and aspect. These are 
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the while globules. Tticy are very much less QDmeroDS 
than the rod, ne there are nut more than three or four 
of them for every thousand of the others. They are of 
a little larger size, measuring about -jrinr <*f an ineh in 
diameter, of a rounded form and a finely granulated 
texture. They are usually concealed, for the moat part, 
in the greater abundance of the red globules. 

When the ingredients of the blood are examined by 
analysis, they are found to be mingled together in the 
fcUowiug proportions: 
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69. Coagulation of the Blood. — Such are the proper- 
tics and constitution of the blood while circulating in 
the interior of the body. But if it be withdrawn from 
the vessels, a very remarkable change takes place, which 
altera its whole appearance. 

This change is its Coagulation. 

When a patient is bled from the arm, or is accident- 
ally wounded, the blood runs from the opened vein in a 
perfectly liquid stream ; but soon afterward it begins to 
appear thicker than before, and will not run in drops, 
nor moisten the fingers so easily when touched. When 
this alteratiou has once commenced, it goes on rapidly 
increasing, the blood growing thicker and thicker, onlil 
it finally sets into a uniform, firm, elastic, jelly-like mass 
It is then said to be " coagulated" or " clotted." Tliia 
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chaogo is nsually complete in about twenty minutes 
after the blood has been witlidraw-n from the veins. 

Now this coagulation of the blood is entirely d» 
pendent upon its tibriiio. Tina substance alone has the 
properly of coagulating spontaneously. None of the 
other ingredients can solidify in this way, and if tbe 
Gbrine be taken out, the blood loses altogether its 
power of coagulation. 

But how is it that the whole blood becomes clotted 
in a single mass, if this power belongs only to the 
fibrine ? 

It is because the fibrine, though in very small quanti- 
ty.aa compared with the other substances in the blood, 
is diffused uniformly throughout the whole ; and when 
it coagulates, therefore, on being withdrawn from the 
vessels, it entangles all the other ingredients with it, 
and holds them imprisoned in its own substance. The 
water of the blood, accordingly, the albumen, the glob- 
ules, etc., arc all mechanically retained by the coagu- 
lating fibrine- 

But not long afterward a partial separation takes 
place between them. The fibrine solidifies still more ; 
and, by contracting upon itself, squeezes out the liq- 
nid portions of the blood from between its meshes. 
Drops of a clear, amber-colored fluid begin to exude 
iVom its surface, and these drops, growing larger and 
Ur^r, run together into little pools, which still in- 
orease in sise until the entire snrface is covered with 
the Iransparctit liquid. The remainder grows at the 
same time smaller and firmer, until at U&t the whole 
is permanently separated into two parts, a solid and a 
liquid. Tbe solid part is called the Clot/ the liquid 
part ifl the Scrum. 
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If you examine, therefore, a. cupful of blood at the en3 
of twelve lioiire after it has been drawn from the vein^ 
you will see that it U no longer a uniform mass.htii m- 
pears as a solid clot floating in the transparent serum. 

The clot, at this time, is still firm, red, and opaque, 
Bince it contains all the globules of the blood as well as 
the fibrine. For theee globules can not escape from the 
elot, owing to their form and size, and are therefore re- 
tained by the meehes of the coagulated fibrine. Tlic 
eerum, on the other hand, is trant^pavent, and nearly 
colorless. It contains all the albumen, the water, and 
other Bubstancea dissolved in them, 

TO. Importance of Coafrulation. — Xow tliis coagula- 
tion of tlie blood is a property of the greatest impor- 
tance ; for it ia the only thing which prevents our 
bleeding to death after the slighteet incision or injury 
to the blood-vcBeels, "Whenever these vessels are 
opened by an accidental cut iti the ekin or in the mus- 
clcB, the blood at first flows with great freedom, ac- 
cording to the eizc of the wound. But if wo preee firm- 
ly upon tlio injui-ed part with a bandage or with the 
fingers, and then, after a short time, remove the press- 
ure, we find that the bleeding has stopped altogether. 
This is because the thin layer of blood between the 
edges of the wounded vessels has coagulated and 
blocked up the opening. No matter how thin this 
layer may bo, it still coagulates ; for every particle of 
the blood, however small, contains its duo proportion 
of fibrine, and consequently solidifies at the proper 
time. The clot thus formed adheres to the edges of 
the wounded parts, and so acts as a continuous band- 
age or plug, until the tissues have again grown togctlf 
er and become permanently united. 




It is in this way that the bleeding from all ordinal 
^^ounda is usually arrested by nature. No matter how 
I freely the blood may flow at first, if you keep the parta 
I steadily compressed for twenty minutes or half ao 
I hour, the fihrine will then be coagulated and the bleed- 
I ing vill Btop. 

But when the wound is very deep, or when any of the 
I principal arteries have been severed, this means will not 
I mcceed ; for the blood comes with so much force from 
I these larger vessels that it can not be kept hack by or- 
idbiary pressure, and no time is allowed for its perma- 
KBent coagulation. Then we must call for the asBiat- 
ftaace of the surgeon, who is oflen compelled to search 
Vibr the blood-yessels in the deeper parts of the wound, 
Tiand to tic up their open mouths with a fine cord or lig- 
\ Uure. Why this operation is successful requires a far- 
t tber explanation. 

71. Coagulation in the Interior of the Body. — It is a 
'enrious ihet that the blood will coagulate, not only 
when it is discharged externally, hut also even in the 
interior of the body, lehenever it is teithdrawn from the 
ordinary course of the circulation. Thus, if we receive 
' S bruise, and the little vessels beneath the skin are 
I torn, the blood which flows from them coagulates in 
■ the neighborhood of the injury. Any internal bleed- 
ling produces, after a time, a clot in the corresponding 
Intuation where the blood la effused. After death, also, 
Magulation takes place in the cavities of the heart and 
1 the great veins near it ; and whenever any part of 
lAie body is so uijnred as to stop its circulation, 
llilooil necessarily coagulates in its veBsels. 

Accordingly, when the surgeon places a ligature upon 

I wounded vessel, he stops the circulation through it. 

<i2 
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Tho blood is imprisoned in the neighborhood of the li^ 
ature, and soon aflerward coagulates and blocks up the 
cavity of the vessel with ita solidified fibiiiic. After a 
lime the ligature separates and is thrown off, and the 
woondcd parts unite by the healiiig of the tissues. 

Wo see, therefore, that tho coagulation of the blood is 
a property that belongs to the fibrine, and that it is epon- 
tancoHS. As soon as the fibrine ia formed it posBess- 
ee this property, by wliicli it is distinguished from all 
other substances. It is not inaniibsted immediately, for 
it requires a certain time for its completion ; but, owing 
to the very nature of the fibrine, wherever it raay be, 
within a eliort ]jeriod after it is shut off from tho circu- 
lation it exhibits tliis peculiar character, aad coagulates 
inevitably. 

Why, then, docs it not coagulate in tho vcsgcIs, and 
thus stop the circulation of the blood? 

To understand this, wc must remember that the his- 
tory of all the animal substances m the living body is 
one of incessant change. Kone of tliem remain the 
same, but all undergo successive transformations. The 
albuminose formed in digestion is no sooner taken a]i 
by the blood-vessels than it is converted into albumen. 
Tlie oily matters absorbed with the chyle, and tho sug- 
ar produced in tho liver, arc also rapidly decomposed, 
as wc have seen, and disappear in the circulation. What 
is destroyed in this way for the purposes of nutrition is 
constantly replaced by a fresh quantity formed in the 
same organs. 

This is also true of the fibrine. Tliat which is circu- 
lating in the blood-vessels to-day is not the same fibrino 
which was there yesterday, but a new supply, freshly 
produced in the process of daily nutrition. It is esti- 
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mated by physiologists that all the fibrine which exists 
.in tlic Itlood is dostroyed and reproduced at least three 
times over In the course of a single day. What the 
sew Buhstancea are which are formed hy its deeomposi' 
tion is still unknown, fur we can not yet follow out 
ftll the details of these clianges which take place so rap- 
idly in the living body. But there is every reason to 
believe that the renovation of the fibrine in the blood 
takes place as constantly and rapidly as that of its oth- 
er ingredients. 

Tlie blood, therefore, does not coagulate while the 
circulation is going on, because its fibrine is being in- 
cessantly altered and converted into new substances. 
It baa been found that in certain of the internal organs, 
especially in the liver and kidneys, the fibrine disap- 
pears, and that little or none of it is contained in the 
blood returning from them. \VTien we come to learn 
with what rapidity the circulation is carried on, wo 
afaall easily understand how coagulation may thus bo 
prevented. But if the blood be withdrawn from the 
circulation altogether, or confined in any part by a lig- 
ature, then its fibrine can no longer go through with 
the natural changes of its decomposition, and il accord- 
ingly coagulates, as we have above described. 

72. Quantity of the Blood. — The entire quantity of 
blood in the vessels is about one eighth part, by weight, 
of the whole body; so that in a man weighing 140 
pounds, the quantity of blood is very nearly 18 pounds. 
The quantity of blood, however, as well as its composi- 
tion, varies somewhat at diflerent times. Soon af^er 
digestion it is considerably increased ; for it has ab- 
sorbed all the nntritious materials taken with the food, 
iftod Uiesc materials must necessarily pass through the 
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blood in order to reach tha tissues. After long absti- 
nence it is (liminislied in qaautity to a corresponding 
degree. For the samo reason, its composition varies to 
a certain extent, since its difierent ingredients will di- 
minish or increase, according as they have been dis- 
charged or absorbed in greater or less abundance. 

7J. Effects produced iiy Lobs of Blood.— Only a fmaW 
proportion of" the blood in the body can be lost without 
causing a serious effect upon the system. Generally 
Fpcakiug, the loss of one pound of blood causes faint- 
ness, and thai of a pound and a half or two pounds is 
followed by complete unconiiciousness. If the bleeding 
be then stopped, the patient usually recovers; bat if ■ 
still larger quantity of blood be lost, recovery becomes 
impossible. 

Wlien the strength, however, has been very much rfr 
duced by excessive bleeding, it may sometimes be re- 
stored by injecting into the blood-vessels healthy bloo4 
from another person. This is called the "Transfumon 
of the Blood." In eeveral instances where the vital 
powers were nearly exhausted, life has been restored by 
this operation, 

74. Two diffeTeut kinds of Blood in the Body.— Finally, 
there is a most remarkable difference in the appearancs 
of the blood in different parts of the body. In one half 
of the circulation, that is, in all those vessels which an 
called " arteries," it is of a brilliant scarlet hue ; while 
in the " veins" it is of a deep bluish-purple, almost black 
color. These two kinds of blood tollow each other in 
ilid circulation, changing alteraalcly from one color to 
the other; so that,altbongh there is always red blood 
in the arteries, and always blue tihxid in the veins, yet 
the same blood is alternately scarlet and purple, as it 



SB from one set of vcesetB into the other. Tliis lends 
1 the uext place, W the subject of licgpiration. 



QUESTIONS FOR CHAPTER VII. 
. What fluid ))nn'idee Ibr (be nouruhnienl of the whole bod;? 
S. What U the physicul appeannce of the blood? 
3. What are lis iDgredienCa? 
t. What ia the UMi o< ihe valer of the blood T 

5. What is tbc proportion of nnlcr in the bloiHl ?i . 

6. What arc the most unportnnl ninfni/ ingruitienta of (he hlood 

7. What are the properiies of the albuam of tho blood, and how 
it diSTer from the white of egg ? 

S. What is the proporliou orulbumon in the blood? 
0. Whnt is Ita DBc ? 

10. What is the distinguishing pecnliarily otJibrineT 

11. What is the appearance ortliHtZoorfj&iiifcjr Ihefrconuatencjt 

12. Does tbc cuJur ofthe blood rraide hi the liquid parts, or in the 
I Uood globules ? 

13. What change takes place in the hlood when it is withdrawn 
CrDin ihe veaaels ? 

14. Which ofthe ingredients ofthe hlood causes its coagnlationT 
Mi. Descnbe tbe EC|iaration of Ihe blood into r/uf and ttrntn. 

^lti. What does the clot contain? What does Ihe senun contain T 
IT. How does the coaguhition of the blood control bleeding ? 
18. What should be done to check tho bleeding from a wound of 
■lodemie size 7 

19. What mnst be done when a large artery is wounded ? 

20. Whji does not the blood coagulate while circulating in the Te*' 
•dsf 

21. How rapidly 'm ihc Rbrlne of the hlood destroyed and repro 
LloHd? 

29. In which ofthe internal orgnna docs it disappear? 

SS. Wb/ does it coagulate when shut off from the circulation 7 
. What is the quantity of blood contained in the whole body 
', What oifect is produced by an escessiro loss of blood ? 
\. What is theoperutionDf"(rani/H(itinr" 
'. Wllal two ^irml kindt of blood art there in tbe iedt/t 
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Jz^en of ilia Ait — iL» Necessiij- to life. — Satnre W 
— The Lungs — (heir Stmcture. — TjrTnx. — Trachen. — Bnuichial 
Tubes. — Lobules. — Air Vesicles. — Movement of I]ii^|iiraIion. — 
The Diaphmgni— iW Conlrattion.— Eotrnnee of the Air. — Intn^ 
eosul Muscles, — Motion of llio liibi. — Movement of EKinnUion. — 
WiuiTiciiy of the Lung*. — Qiiatililj of Air tuad in lIe«|Hnitii>a. — 
Movcmenta of BesiuralioD involuutarj. — Effect of I{es[jimIion on 
the BlooiL— lis Chtuige of Color.— Venoos Blood.— ArleriiJ Blood. 
— Absorption of Oxygen in tlie Lungs. — Loss of Oxjg«n in tlie 
Tiiauea. — Cnrbonin Acid — wltere formed. — Discharged nilh llic 
Hreath. — Aninuil Vapor. — Wnterj Vopor. — Yen lilatioiL— Ventila- 
tion bj Doors and Windows — by Firo* and Chinwov* — by oilier 
Meuu. — Xeces«Ij for comptele VenliUtiou. 

75. Oiygen. — In the air which Burrounds ns, pene 
trating iiito tlie minutest crevices, and distributed ev- 
ery where over the surface of the globe, dissolved in 
the water, nnd dUTased throughout the atmosphere, in- 
visible but omnipreseDt, there is a substance of Bingnlar 
activity, and endowed with a most prominent part in 
the operations of nature. It forms and destroys odor- 
iferous vapors, it corrodes the metals, it crumbles the 
texture of woody plants, it decomposes all dead nnd de- 
caying materials, and it devours the substance of burn- 
ing bodies. It is every where active, and every where 
ready to produce some new change in the materiala of 
the inorganic world. This substance is Oxygen. 

Oxygen is equally important in the organic wol 
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Ko animal can live wilhoat it; and it is incoBBantly in 
operation, unking with the tissues, and forming a mul- 
titude of internal combinations wliich are neceEsary to 
existence. Furthermore, the activity of life in differ- 
ent kinds of animals is in exact proportion to the in- 
tensity with which they receive the influence of oxy- 
gen. The more sluggish of tliem, such as worms, shell- 
fish, and reptiles, require but little of it, and will Htill 
survive when deprived of it for a short time. But the 
more perfect the organization of the animal, and the 
more active its temperament, the more constant and 
imperative ia its demand for oxygen. In the quadru- 
peds, in the birds, and in the human species, where the 
circulation is rapid and the movements vigorous, and 
where all the functions of life are in active operation, 
this substance is the first and most indispensable rcq- 
nbite to existence. With them oxygen is a food which 
must be incessantly supplied, for if it be withheld for 
only a few minutes together life inevitably comes to 
an end. 

76. The AtmoBpheie and Bespiration. — Now the groat 
reservoir of osygun, ami the source from which it ia 
constantly derived for our use, is the atmosphere. 
Oxygen docs not exist, however, in tlic atmosphere 
' hj itself. On the contrary, it is mingled there with 
another substance which is more abundant than it, but 
which does not possess its active properties. This sub- 
stance is termed "Nitrogen." The quantities of the two 
»re in such proportion that there is one part of oxygen 
to abont four parts of nitrogen. Tlie atmosphere, there- 
( ibre, is a mixture of those two gnses, in which the oxy- 
I gen, which is active and powerful, is diluted with the 
tgen, which is mild and inert. 
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Consequently wo depend directly npon the atmoe- 
phere for the maintenance of life. If it I[>o witlidrawn 
or shut out from us in any way, we die within a short 
time, because we are deprived of the oxygen which is 
essential to our existence. 

Tile manner in which the air sei'vea to support life is 
by penetrating into the interioi of the body, into cer- 
taiu organs which arc adapted for its reception. These 
organs are called the "Lungs." The air is drawn into 
them with the breath, and immediately after exhaled 
again, to give place to a fresh supply. This action, by 
wbieh the air ia introduced into the lungs, and there 
used for the maintenance of life, is the process of 
Respiration. 

t-et ua see, first, how it is that the movements of 
respiration arc accomplished ; and, secondly, what are 
the changes thus produced in the interior of the body. 

77. The Ore^anB of Bespiration. — Tlie lungs are two 
large and exceedingly vascular organs, situated in the 
cavity of the chest, one on each side, and extending 
from about the level of the collar-bono to just below 
the region of the heajt. They are "spongy" in their 
texture — that is, they are filkd every where with little 
cavities, imperfectly aeparated from each other by slen- 
der partitions, like the tissue of a cponge. Each one 
of these cavities is filled with air ; and so minute are 
they, and so closely packed together, that the whole 
eubatance of the Inng is thus filled with email air-bub- 
bles, disseminated every where through its tissnc. If 
you take a piece of the lung, therefore, such as that 
of an ox or a ahccp, and i>re88 it between the fingers, 
you will perceive a fine crackling sensation, owing t« 
the partial dialodgment of these minute bubbles ofij 



For tho same reason, the tissao of tbe lung, unlike 
ibat of any of the other organs, will float in water. 
The substance of other organs, being solid and heav- 
ier than water, sinks at once to the bottom; but that 
of tho langa, every where infiltrated with air, is buoyed 
Dp bj it, and floats lightly upon the surface. 

These rainute caviticB, containing tlio air-bubbles juat 
described, are called the " air vesicles" of the lungs. 

Now the air which is thus disseminated through the 
Inng has been derived from the external atmosphere. 
For the cavities of the langa communicate with tho ex- 
terior through certain channels or air passages, called 
respectively the Larynx, the Tracliea, and the Btoh- 
■eliial Tubes. 

The larynx is a firm cartilaginous box or framework, 
ntuated directly at the front of the upper part of the 
neck, where it forma an angular prominence which is 
easily felt by the fingers. Internally tho larynx is hol- 
low, and communicates with the back part of the throat 
ty a narrow chink or crevice, which is teimed the 
"glottis." Through this chink the air passes from tho 
Doetrils and back part of the throat into the laryns. 

From the larynx it passes downward into the trachea. 
This is a straight rounded tube, about an inch in di- 
ameter, which runs from the lower end of the larynx 
directly downward along the middle of the neck to the 
upper part of the chest. It is formed of membranous 
wallfi; but these are held apart, so as to secure a free 
passage for the air, by a series of clastic cartilaginous 
rings imbedded in their substance. 

As the trachea enters the cavity of the chest it di- 
vides, right and left, into two tubes or " bronchi," one 
of which goes to each lung. Arrived at the lungs, the 
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bronchi themselves break up into smaller divislont^ 
which are the " bronchial tubes f and these tubes cou- 
tiDUe to separate into still smallfr branches and ramifi- 
cations. Each ramification of the bronchial tubes term 
iiiatee at last in an oval sac or bag, separated in its in- 
terior iiito various divisions or compartments, into wUioh 
the air penetrates from the end of the bronchial tube. 




Hnmiu Lsrroi. Tracbei. Broi 
cmllua uCthe bronchi, mid tb 

These oval-sliaped sacs are called the " lobules" of the 
lung, and, united together, make up its entire eubstanoe 
(Fig. 32). 
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pjg 55^ Finally, each lobnlc is 

mposGil of a group of smalt' 
rounded cftvitics, called tbo "air 
vesiclcH," formed by the divis- 
I ions or partitionB which project 
from the inner surface of the 
lobule. ThuB all the air vesiclea 
contained in a lobule communi- 
cate with the central cavity of 
the lobule itself, and through il 
with the end of the bronchial 
tube (Fig. 33). 
LobiiieofHnnuuiLnBB.-o.n- Now these divisions and 
iWi^? vS?i£?«i^ ifications of the interior ol 
"^^ lung produce a very largo ex- 

mt of Burface, over whicli the air comes in contact 
with iu tissue. Each air vesicle is only about -^ of an 
1 diameter; and we can easily understand, there- 
Brc, how many of them may be contained in an or- 
[an of the size of the lung. But each one of these air 
esicles is in contact with tho air over its whole iuter- 
I surface, and all these surfaces combined must bo 
ary extensive. It is estimated by anatomists that the 
irhole internal surface of tho lungs, if spread out, would 
e many times greater than the whole external surface 
f the skin, 

' No doubt this is true. Tho page of an ordinary book, I 
r the octavo form, represents about one third of ■ I 
■are foot. Such a book, one inch thick, will contaia f 
t least 400 pages, and will accordingly represent, alto- i 
ther, a surface of 133 square feet. If you take out of I 
B book every alternate leaf, bo as to leave a layer of I 
r of the same thickness between all the rest, theio I 
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will still be remaining, in contact with the air, a com 
bincd snrfacc of 66^ square feet, which is very nearly 
fonr times the whole external surface of the humaa 
body, 

Tlie tisBue of the lang, however, is much more deli- 
cate and complicated than the pages of a book, and la 
capable of mnch greater extension within the limits of 
the same space. 

Thus the air passes from without through the larynx, 
trachea, and bronchi ; and, following the successive di- 
visions of the bronchial tubes, arrives at last in the 
cavities of the lobules and air vesicles. It thus pene- 
trates throughout the tissue of the hing, and is dissemi- 
nated over the immense extent of its internal surface. 

78. Hovements of KeepiratioR. — But what is the mech 
aiiism of respiration, and how is the air constantly re- 
newed ill the interior of the chest? 

It is by a double movement, by which the air is alter- 
nattly drawn into the lungs and again expelled from 
them. Tliesc two acts are called the mouemente ofli^ 
spiration and the movemenU 0/ Erpiration, 

First, the movements of Inspiration. 

The lungs, as we have seen, are inclosed in the cavity 
of the chest, and communicate with the exterior only 
through tlie bronchial tubes and the trachea. Now the 
chest is separated from the abdomen by a Strong mus- 
cular floor or partition, which is attached to the edges 
of the lower ribs in front and at the sides, and to the 
spinal column behind. This partition is the Duytftrofftn. 
It has an arclicd or vaulted form, so that its middle 
portion is higher than its edges, and projects npward 
like a dome into the chest. Above this arched portion, 
in the chest, are placed the lungs ; beneath it, In the 
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abdomen, are the 8tomaeh and liver. ^Vken the dinr 
phragm is at rest, theeo organs remain undisturbed in 
their position. 

But t)te diaphragm ia a muscle. Its fibres radiate 
every where from its central portion outward and down- 
ward, to bo inserted into the firm edges of the ribs 
and the spinal column. "When they contract, therefore, 
they draw the central part of the diaphragm down- 
ward, and the arched floor of the chest descends toward 
the abdomen. In its descent the diapliragm pushes be- 
fore it the Mvcr and the stomach ; and at the same time 
the lungs follow its movement from above, and expand 
with llie air whicii flows into them through tho trachea. 
This is the movement of inspiration. 

Accordingly, at tho time of inspiration, we can feel 
that the abdomen protrudes, while the air passes in by 
the mouth and nostrils. 

Kow the air is drawn into tlic longs at this time by 
the force of suction. It is not a violent action, how- 
ever, but is accomplished by a gentle and easy move- 
ment, owing to the elasticity of the atmosphere, which 
enables it to penetrate every wliere where there is a. 
space open to receive it. A little explanation will 
malce this evident. 

If you move a book from one end of a table to the 
other, it displaces the air from the spot in which it ia 
deposited ; but, on the other hand, the air at the same 
time occupies the space which the book has Icfl. If 
you walk a few steps in any direction, the air, disjilaccd 
by the movements of the body, fills at once the spot 
left vacant by the body itself The air is ao movable 
and elastic that, so long as suificienl space is allowed 
it, it takes indifl'erently either [WRition. 
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Id the Eame way, if yon take »n empty syringe, hoI3 
tng it apright, wilh the nozzle pointing upward, and 
then draw down the handle of the jiiston, as the piston 
descends the air follows it from above, entering through 
the noszle into the interior of the syringe, jtist as it 
passes into the lungs through the trachea during tlie 
dt«ccnt of the diaphragm. 

But, in order that this may happen, a space must b? 
open for the air to move freely, both inside and outside 
the cavity which is to be filled ; for if this space be not 
open to it, its rcMstancc will be re-enforced by the press- 
ure and elasticity of the entire atmosphere. When the 
lungs are full, close the mouth and nostrils firmly with 
one hand, and then try to compress the chest by the 
strength of the mnscles. You can not ; because the 
air within the ehest has no exit, and resists, therefore, 
with the whole force of its clastic prcssnre. ^VTien tbe 
Inngs are empty, on the other hand, close the monUi 
and nostrils as before, and endeavor to expand the 
chest. You can not ; for the air outside the chest is 
anable to find an entrance, and resists with a pressure 
which is greater than the entire force of the muBCte& 

But when there is no obstacle to the free moToment 
of the air, no resistance is oftei-ed by its pressare. TTie 
muscles have only to overcome tho weight and elastic- 
ity of the organs set in motion, and the air then follows 
the movements of the diaphragm as gently and easily 
as a door swings upon its hinges. 

Tbe action of the diaphragm in inspiration is «d- 
ed, at the same time, by the movements of the riba. 
Tlie ribs arc of a curved form, aini encircle the chest 
with a kind of bony cuirass or framework (Figure 34). 
They slant outward and downward, and overlap each 



RESPIRATION. 

Other from abovG dow 
ward, somewhat like tl 
BhiDgles on the roof of g 
bouse; only the adjacei 
ribs do not touch each o 
er, but are separated by t 
narrow space which is fitll 
cd by 8o many intervening!: _ 
muscles. Thcge muBcles, 
being situated between the 
ribs, are called the " inter* 
I costal muscles." 
I contract at the same tin 
will] tlie diaphragm, a 
by shortening their fibre 
they lifl tlie ribs and < 
pand Iho cavity of t 
mn, wiih ihe chest fi-om si<]e to side. 
Thus during the act 
respiration wo can feel the cliest rise and fall, as tbi 
wr moves inward and outward through the passage of ■ 
the lungs (Fig. 35). 
The movement of Inspiration is immediately follow-l 
^ud by the movement of Expiration. 
^B As soon as the lungs are filled with air by the i 
^^BOn of tho intercostal muscles and the diaphragnv^ 
^HSiesG mnsclcs arc relaxed, and the air is again expelled 
^nlirough the same channels by which it entered, 
^r This is accomplished pr'ncipally by the elastic reac- 
tion of the lungs. For thronphoiit the tissue of these 
organs there are disseminated a great number of mi- 

nute fibres, which have the property of elasticity in a 

igh degree, and which therefore communicate t 





property to the lungs themsclvcii. llic air vesicle? 
snd lobules ai'c in tliis respect like (ki many little India- 
rubber bags; and after being filled with air they reaul 
upon it at the roomeut of expiration, and expel it by 
their own «1aGticity. 

Beside this, the walls of the abdomen, pushed for- 
ward by the descent of the diaphragm, return to their 
places when this muscle is relaxed, and the liver and 
the stomach rise again to their former situnttone. 
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Thud the movcmeot of ioBpinitioD is an active move- 
lent, produced by the coDtractian of the diaphragm 
lod the intercostal muscles ; that of expiration is a 
^jiasaii-e movement, caused by ilip elastic reaction of 
! lungs and the walU of the abdomen. These twc 
ivements follow eacli other alternately, with tlie sac- 
ssive contraction and relaxation of the recniratory 
fcles. 
The moTcmcnts of respiration are performed slowly 
I'bnt constantly. Under ordinary circumstances, a man 
t)reath<;s natnrally about twenty times per minute. 
These motions are increased in frequonry by any mus- 
cular exertion, but afterward return to their former 
regularity, 

70. Quantity of Air nsed in Respiration. — At every 
respiration twenty cubic inches of air (about J of a 
pint) are taken into the lungs. If we count the entire 
number of respirations in a day, including those caused 
by muscular exertion, this will give about 600,000 cu- 
bic inches, or 350 cubic feet of air which passes and ve- 
■jMBses through the lungs in every twenty-four hoars. 
^Bliis ia nearly eighty times the bulk of the whole 
PMy. 

80. Character of the Respiratory Uovementa. — The 
movements of respiration are invohintanj. The dia- 
phragm descends and the chest expands without auy 
exertion of the will, and even without our knowledge. 
From the instant of our birth to the last moment of 
existence, during the activity of our waking hours and 
iQ the unconsciousness of sleep, they continue in nntir-J 
ing and ceaseless operation. For the necessity o 
ration is not occasional, but incessant ; and the perform-' 
I'.anco of this function, therefore, is not confided to the 
H 
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y action, v 
requires no attention and produces no fatigue. 

It is true that we can exercise a partial control over 
the moTcments of respiration ; that is, we can hasten 
or ret&rd them at wilL Bat this is only for a very 
fthort lime If we try to breathe much more rapidly 
than is natural, say one hnndred times a minute, wo 
shall soon find how laborious and exhausting the move- 
ments become. On the other hand, if we stop respira- 
tion altogether, we at once feel an internal impulse 
which calls for its renewal, and which grows rapidly 
stronger and more imperative, until it becomes at last 
irresistible. There are few persons who can voluntari- 
ly suspend the breath for more than thirty or forty 
seconds st a time. 

Such is the manner in which the movements of respi- 
ration are performed. Kow let us see what happens 
while the air is thus taken into the cavity of the chest. 

61. Chan^ in the Air during Bespirfttioii. — In the first 
place, as the air penetrates into the Inngs it is robbed 
of its oxygen. This substance disappears, so that tho 
air which has once been drawn into the chest, and again 
expelleS with the breath, no longer contains it in due 
proportion. 

What has become of the oxygen which thus disap- 
pears from the air in respiration? 

It is absorbed by the blood. For the blood-vessels 
coming to the lungs are diatribntod every where in the 
minute spaces between the air vesicles, and envelop 
their walls with an abundant vascular network. If we 
recollect the great extent of surface represented by the 
tissue of the lungs, we shall see that the blood circulat- 
ing in their vessels is spread out over a correspow 
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BurTacc; and that, in a thousand miDiitc currenU, it 
moves througli the lunga sImoBt in contact with the 
air coDtained in the Tcsiclee. It is as if tho blood wcro 
eprinklcd through the air in a fine shower; so that ct* j 
cry particle of the blood and every particle of the air are ' 
brought into the closest proicimity. At this moment 
the oxygen leaves the air and enters the blood over ihs | 
whole internal surface of the pulmonary tissue, 

S2. Change in the Blood during Respiration. — At the 
tame time a moat remarkable change takes place in the 
blood itselC 

Tlie blood which is dis>tributed to the lungs is venous 
blood. It is that which has already eircniated through 
the organs and tissues of the body, and has served for 
their nutrition. From them it is collected by the veins, 
bronght back to the heart, and from the heart distribo- . 
t«d to the lungs. At this time it is of a dark blue Of ] 

I^rple color, approaching to black. 
" Now, as this venous blood enters the lungs and takes 
possession of the oxygen contained in the air vesicles, 
it changes from a dark blue to a brilliant scarlet color. 
This change is instantaneous and complete ; so that the 
. blood, as it leaves the Inngs on one side, is entirely dif- 
rent in appearance from that which is entering theto 

e other (Fig. 36). 

After the blood has passed through the lungs and 

s changed its color from blue to red, it returns to the 

■art, and is again distributed throughout tlie body by 

lotlier set of vessels, which are called the "arteries." 

Accordingly, there are always two kinds of blood in 

tbe general circulation, of different colors and occupy- 

different sets of veHsels. The blood in t' 

, and is called VenotiB blood; that in the arteriet i 
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U red, and is cnlloil Arterial blood. The blood is also 
constantly chaiigi-d from venous to arterial while pass- 
ing through the vessels of the lungs. 

It is for this reason that the lips turn purple and the 
face araumes a dark ashen color whenever the breath- 
ing is seriously obstructed. For the blood, no longer 
becoming arterialized, retains its venous hue and com 
municatea a dark color to all the transparent and vas- 
cular tissues. 

But the change in color is not the only difference be- 
tween these two kinds of blood. The venous blood, 
which has already circulated througli the body, boa 
lost its vital properties. It has expended a part of its 
substance in the nourishment of the tissues, and U no 
iongcT fit for the maintenance of life 



AVhnt is it that the blood has thus lost in passing 
through the tissues nliicli is necessary to its vitality T 

It is its oxygen. 

For the ftrterisl blood, ns it passes out from the heart 
to be dwtribnted througjont the body, carries with it 
the oxygen which it has absorbed in the lungs. It ar- 
rives at the tiseuea chained with this vivifying princi- 
ple, and tho lisBUes immeilintely seize upon it and ap- 
propriate It to themgelves. Thus tho blood, as it passes 
through the cjrcal at ion, gives np its oxygen and returns 
to tlic vcnons condition. Tliere is, therefore, a double 
change going on iccessantly in the blood in the differ- 
ent parts of tho body. In tho tissnes it loses oxygen, 
and changes from red to blue ; in the lungs it absorbs 
oxygen, and oliaugcs from blue to red, 

83. Action of the Blood Qlobnles in Respiration. — Now 
the ingredients of the blood which ai-e most active in 
producing this change are the lilood globules. It is 
these little bodies which take the oxygen from the air, 
and &x it in their own substanco for the renovation of 
the blood. They are the carriers, wliich load them- 
selves with oxygen in the lungs, to transport it after- 
vard to distant parts in the current of the circulation. 
As all the color of the blood resides in them, we easily 
eee why this color should change with the changing 
constitution of the globules themselves. 

It is by the process of respiration, accordingly, that 
the blood is kept constantly renovated and restored to 
the arterial condition. 

84. Quantity of Oxygen Coneumed. — The importance 
of oxygen to the livbg body is shown by the quantity 
irhich is consumed. At ovcr\' inspiration ono cubio 
Inch of oxygen is withdrawn from the air and absorbed 
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by the blood. This amonnta in the course of an entira 
day to about 17i cubic feet, or by weight a little over 
one pound. 

B5. Evolntlon of Carbonic Acid. — But, at tbo same 
time that oxygen is absorbed from the air in respira- 
tion, another substance makes its appearance in the 
lungs, and is exiielltd with the breath. This is Car- 
bonic acid. It U a gas, like oxygen, but differing from 
it in its properties. It is the same gas which is formed 
in the fermentation of bread, wine, beer, and all sub- 
BtancGB containing sugar. It is produced from burning 
coal and candles, and many other conibustible bodies. 
It is sometimes exhaled from the surface of marsliy 
pools, and often collects at the bottom of old wells. It 
is not fit for respiration ; and when a man is accidental- 
ly caught in an atmosphere composed of carbonic acid, 
as sometimes happens in cleaning bccr-vats or in repair- 
ing old wells, he at once becomes insensible, and soon 
dies by suffocation. 

This gas, as we have said, is found in the breath. "So 
less than one twenty-fifth part of the air passing out of 
the lungs consists of carbonic acid. This is immediate- 
ly diffused through the atmosphere, or carried away by 
its movements; and the fresh air then taken into the 
lungs is again loaded with carbonic acid and expelled 
in its turn. This process goes on with every succeesivo 
respiration ; eo that in the course of an entire day the 
amomit of this gos discharged with the breath is near- 
ly 15i cubic feet, or by weight about one jiound and a 
half. 

Now the carbonic acid so produced is formed in the 
tissues. It is absorbed from them by the blcod, carried 
by the blood to the lungs, there exhaled into the puU 
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monary vesicles, and finally discharged with the breath. 
It is a useless and exhausted material which the tisauca 
rejected, and which is therefore expelled from iho 
body in the process of respiration. 

86. Exhalation of Water and Animal VapoTS with the 
Breath. — Beside carbonic acid, the breath also contains 
a peculiar animal vapor, whiuh is produced in the inte- 
rior of the body. Though this vapor is in very small 
quantity, it is sufiicient to give to the breath a famt 
but perceptible oJor. There is also some water dis- 
charged from the lungs in a gaseous form. The breath 
therefore is damp ; and if we breathe upon a roirror, its 
polished surface becomes dimmed from the deposit of 
the watery parts of the eipired air. In warm weather 
the moisture thus exhaled with the breath is imper- 
ceptible, because it is perfectly gaseous and transpar- 
ent; but if the outer air bo cold it is immediately con- 
densed and becomes visible. Thus, on a winter's day, 
when the temperature of the air is low, the breath may 
be seen as a white cloudy vapor, issuing from the mouth 
and nostrils and difl'using itself in the atmosphere, 

8~. Neceaeity for Fresh Air and Ventilation. — From 
all that has been said, we see that the first and moat in- 
dispensable requisite of health, and even of existence, 
ifl a constant supply of fresh air. Nature has provi- 
ded for this, so far as the mechanism of the body is 
concerned, by the unceasing play of tlio movements of 
respiration, by which the air within the chest is renew- 
ed with every breath. If the air were not thus re- 
. Dewed, it would at once become altered and contami- 
nated, and consequently incapable of supporting lifa 

The same thing, of course, would take place outside 
the cheat. If we remain shnt up In a cloGC apartment. 
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breathing the same air over and over again, with every 
respiration it loses a part of its oxygen and becomes 
contaminated with carbonic acid. As we know how 
much oxygen is consumed with each respiration, we can 
easily calculate liow long it will be before the whole of 
it in the atmosphere will be exliansted. At the same 
time the carbonic acid continues to uccumnlate, and 
thus the air confined in the apartment is conslautly 
degenerating, until it becomes totally nufit to support 
respiration. 

We must therefore renew tlie air in our liousca and 
a[>artmeiits, as carefully and thoroughly as it is renew- 
ed iu the lungs by the movements of respiration. 

Tlie method by which this is accomplished is calld 
Ventilatioti. 

The ventilation of an apartment or of a house con- 
sists, like the respiratory movements, of a double pro- 
cess, viz., the introduction of fresh air from without, and 
the discharge of the contaminated air from within. It 
is effected by means of doors, windows, and chimncyf. 

In order that ventilation may bo effectual, every 
apartment shonld have doors or windows upon two oj)- 
positc sides, in oi-der that the fresh air may pass com- 
pletely throng!) it, and thus remove every vestige of 
foul atmosphere. In the warm summer weather, and 
in ordinary apartments, this is nearly always sufficient, 
since both doors and windows are usually opened often 
enough to Bcenrc .an abundant supply of air. But in 
winter, when the doors and windows are closed for a 
grt?at part of the time to exclude the cold, other means 
are necessary. Ventilation is then aided by means of 
fires and chimneys. 

Chimneys produce ventilation in this way. The s 
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by the burning fuel in the fire-place, rises in the 
ehimnpy, and the chimney i t eel f be cornea warnitr than 
the rest of the buiiduig. A permanent current of 
heated air is thus established, which constantly rtecs 
through the chimney and is discharged from its npper 
extremity. This ia the "draft" of the chimney. The 
hotter the fire, the more rapid and powerful is the draft, 
»nd the more complete the ventilation. For flesh air 
at the Game time finds ita Wiiy into the apartment 
through all the minute openings and crevices of the 
doors and windows We can not seal Dp these open- 
ings anfficiently to excluclc the air, so long aa a heated 
current is constantly driven upward through the fire- 
place and the chimney. 

A fire, homing in an open fire-place, is therefore the 
beat and moat effectual means of rentilntion. Other 
methods of warming an aparlmcnl, such as close stoves, 
or iron pipes filled with hot water or steam, have no 
■och good effect, for they produce no enrrent. The at- 
mosphere ia warmed by them, hut it does not move ; 
ftnd the air consequently remains in the apartment, im- 
perfectly renewed and consequently vitiated hy reapi- 
ration. Such contrivances frequently economize fiicl, 
but they economize it at the expense of something 
which ia much more valuable, viz., the air and its oxy- 
gen, which are necessary to life. 

But, beside this, in every inhabited dwelling-houae, 
ventilation should be further secured by free opening 
of the doors and windows, and liberal admission of the 
external air at least once every day. For in every such 
house there are other sources of contamination for the 
atmosphere beside respiration. The preparation of the 
fi>od hy cooking, the cleansing of the apartments, and 
H2 
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the unavoidable daily accaraalation of refhse of varioui 
kinde, produce emanations "which are hannlcss when 
fresh, but which become oflenBive and injurious if al- 
lowed to remain and stagnate. We may be sure that 
no atmosp/iere w wholuome where any of thete stagna- 
ting odors are perceptible. A house should therefore be 
swept throughout, each day, I>y a current of fresh air 
Buffieienl to maintain the tleaulineBB and salubrity of 
its atmosphere. 

Still farther meaoB are requisite in apartments where 
largo numbers of persons are collected together; as in 
school-rooms, lecture -rooms, theatres, and manufacto- 
ries. Here the contamination of the atmosphere is 
more rapid, being in proportion to the number of per- 
sona present. For the respiration of ten men will ex- 
haust the atmosphere ten times as rapidly as that of 
one ; and the quantity of air which would last a single 
person for five hours, in .in audience of three hundred 
would bo consumed in exactly one minute. The meaus 
of ventilation in these cases, accordingly, must bo very 
inucli greater, in proportion to the size of the apart- 
ment, than in those used for ordinary habitation. Lai^ 
openings are usually made in the walls or ceiling, lead- 
ing into flues or passages which rise to the roof These 
flues should be conducted alongside the chimneys, in 
the walls of the building ; so that, being warmed by 
their contact, they may twrve as so many additional 
chimneys to carry off the vitiated air of the apartment. 
In addition to this, a rotary fan, driven by macliinerj', 
is ollcn employed to secure a constant supply of fresh 
air from without. 

Whatever means of ventilation are employed, we 
may judge of their success by a very simple criterion. 
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Aflier the apartment has been occupied/or an hour, ill 
atmo»phere shouid be as pure as it teas atjirst. Any 
ventilation which is less than this is ineufficicnt ; for 
every impurity which has collected in the air most 
necessarily be breatlied by the occnpants, and accord- 
ingly must vitiate their respiration to a corresponding 
degree. 

The function of respiration, as we have seen, is a 
double process of absoqition and discharge. It sup- 
plies incessantly to ibe body the oxygen which is nec- 
essary to life, and expels from it at the same time tho 
carbonic acid produced in its tissues. It is by this pro- 
cess that the arterial blood is constantly renewed, and 
enabled to peHbmi its natural office in tho circulation. 

QUESTIONS FOR CHAPTEH VIU. 

I. What natuml salWaDce is the most indispetisnlile to Ufe? 
S. From what somce is oxygen moel abaDitnnlly obtained? 

3. What otiier Eubstoncc does the atmosphere conliiin bcsido oxir- 
gcnr 

4. Which or these two gases is moat abnndant in the atmogphere, 
OKj'gea or nitrogen ? 

G. Which of them is the active ingredienl, and nhich ia compalm- 
tirely inert ? 

r>. Why is it fatal to an aiJmal to deprive it of atmoBpheric i 
7- What is the function of retpiration f 

8. What are tlie oi^na of respiration T 

9. What is the etnictate of tho lungs? 

10. What is contMned in the niimt« cavilie* of the longs? 

I I. Throngh what pauages is the air introdnccd into the lon^f I 
! 2. What is the tarfoi, gjiU where is it situated 7 

13. What ta the narrow opening called ihrongh which the oi 
ea into the larynx ? 

14. What is the form and stnictiire of the tracheat 
In. What is Ibe use of the cartitaeinons rings of iha trachea? 
I G. What are the brimrhi t the bronchial mbti f the lolnJet T a 

Ibe «V eeticltt of the Inngs 7 



180 rUYSIOLOCY AND UYGIENE. 

17. What is the object of the divisioQ uid muliiplic&tion of the 
bronchial labcs anil air vehicles? 

16. What are the two movements bj nhkh the air is driR'n into 
and expelled from ihe longs? 

10. What muBclo forms the floor of the f host ? 

HO. What ie [he form of the diajihragm ? 

SI. When the diaphragm contracta, how is its form allered ? 

2'i. What effect docs this have upon the lungs ? ivhat upon tlie 
guns of the abdomen ? 

23. By mhal force is the air drawn into Ihe iungi when the 
pbmgm descends? 

St. Is this It violent or ■ genlle action? 

2j1. Uow do tlie riln more at the time of innpiraiiun ? 

SG. What miisclcs serve lo lilt Ihe rihi in iiispimtioii ? 

27. \\'hnt folluvvi when tho moveroeDt of ianpiration comes to ■■> 
end? 

28, Bj what force Is the air expelled from the cavity of the langf ? 
£9. Which of the movements ofresiiiralion is nn neiitr, and wliich 

s jatiiae movement ? 
30. How many respirations are usually perfurmGd per minute ? 

81. By what are the movements of respiration accelerated? 

82. How much air is introduced and expelled at each roijiira- 
Ikin? 

S3. What is (ha average <|imnCity of airosed in twenly-fbor hours? 
3<. Are the movements of respiration volnntRry or involuntary? 
SS. What snbatance disappears from the air in retpiraiton ? 
36, Whatbecomcsofihcoxygen which disappears in the limg«? 
ST. ^Vll■t effect does this have upon the color of the blood ? 
SB. What is venaui blood ? and what is arteriai blood ? 
8D, Why do the lips turn pnrple when respiration is oliBtnicleJ ? 
*0. What change takes phice in the blood while circnlaliog through 
the lisinea? what is the function of the blood phlmki r 

41. How much oxygen is conaumed by respiration in twenty-fotu 

<2. «"hal substance is nhaled from the lungs in respiration ? 
43. From what other sonrces ia carbonic acid produced 1 
M. Is carbonic acid capable of sustaining life? 
4il. What proportion of carbonic acid is conlainpd in the breath at 
each expiration ? 

1R. now much is discharged from the body in Iwonty-fonr hi 
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17. Whero does the carboiuc add come froin wtich is enhuled with 
f the breath ? 

is. What Dlher sabslancea are exhaled with ihe breatli beside a 
bonic acid? 

49. What gives ihe lirenih iia oJorT 

GO. What makeg it iVum/jr upon a cold day ? 

51. What effect is prudnced npon tho air by continued regpirntioo 
in a confined space ? 

52. ■What id vtxHlnlinn T 

.'rS. Whit is the most efTectual means of Tentilalion? 

54. \^Tly are close Moves, hot wnler, or stcnm-pipes bad m 
wanning an apartment ? 

fiTi. Wh; should a hooBe be also ventilated every day by opening 
the doors and windows ? 

66. Why should the means of voniiUtion lie increased in school- 
rooms, lecture-roume, ere. ? 

G7, What is the necessary rule or criterion for sofficient voitilatiaal 
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The OrsoTiB of Cireuktion. — Tlie Ilenrt — its MuBcntar I 

Aurides. — Ventriclea. — I'ulinonary Artery. — Aorln. — Movemenl 
of the Blood ihrough the Henrt. — Contraclion of ihe Heart — iti 
H«U:taiion.— Vultes of the Heun. — Ventriculiu- V»lvea. — Semilo- 
n«r Valves. — Action of tLa Heart involuntary. — The Arteries. — 
Arch of ilie Aorta. — Distrihulion of the Aricrica— their Klatbciiy. 
—The l*u]*e— how felt,— Rapidilj of the Pulse.— I'resaaro on the 
Blood in the Arteries. — The CBpiltaries. — Capillnrj- NelworL — 
Circulation of the Blood in the Capillaries. — The Vein< — ihwr 
Valves. — Movement of the Blood in the Veins. — Obstmctioo of the 
Circulation hy compreaainj the Veins. — Bnpidity of the Circula- 
Ijon. — Its local Variotiona. 

88. Ciiculation of the Blood, — The blood, enriched by 
the products of digestion, ami arterialized by the influ- 
ence of the air, ia the medium tliroiigh which the nour- 
ishmeDt of the whole body is accomplished. It ia des- 
tined to visit evei^ part of the syEtem, and to supply 
the necessary materials of life, which it carries with it 
in the cnirent of the circulation. By the circulation, 
accordingly, we mean that continuous round or circuit 
of the blood by which it passes from the heart outward 
for the nutrition of the tissues, and from the tissues 
back again to the heart, to be renewed by resjiiration 
in the lungs. 

The organs of the circulation are, first, the Start, 
and, secondly, the Slood-veasela. The blood-vessels are 
the tubes which convey the blood in its movement 
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throughout the body ; the heart is thi? organ which im- 
pets it onward in its coarse. 

89. The He&rt.— The heart is a muscle. Like the 
stomach, it is a hollow org»n with two openings, one 
of entrance and one of exit, and provided with muscu- 
lar walls, 8o that its contractions force every thing 
which enters it at one extremity to pass outward by 
the other. Only, in the heart these muscular layers are 
exceedingly abundant and powerful, and its contrac- 
tioDS accordingly are rapid and energetic. While, 
therefore, the food during digestion passes but slowly 
and gradually through the stomach, the blood is pro- 
pelled by the contractions of the heart in a forcible and 
impetuous Btreain. 

The heart is situated in the middle of the chest, be- 
tween the two lungs, and almost directly behind the 
breast-bone. It is a little larger than the clenched Bst. 
It is somewhat eouical in form, being wide at its upper 
part, and narrower and rather pointed below. The up- 
per and wider portion of the heart is placed exactly in 
the middle of the ehest, but its lower part is turned 
obliquely to the lefV. If wo place the fingers in the 
space between the fifth and sixth ribs, a little to the 
left of the breast-bone, we can feel the point of the heart 
at each muscular contraction striking the side of the 
chest from within. 

Tlie heart consists of four different cavities, two on 
each side, called respectively the Auricles and the Ven- 
tricU». In each case the " auricle" receives the blood 
coming into the heart by the veins, and the " ventricle" 
drives it out by the other extremity into the arteries. 
As this is done at the same time on both sides of the 
organ, right and left, there are accordingly, first, a 
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"right auricle" and a "left auricle;" and, Becondly, a 
" right ventricle" and a " left ventricle." We shall be- 
gin by describing the auricle and ventricle of tho right 
eidc. 

The riglil auricle is the receptacle of all the venous 
blood returning from the body. This blood is collected 
from the different veins into two great venous trunke, 
which meet on the right side of the heart and open into 
the cavity of tho auricle. Tlie auricle itself ia a kind 
of muBcular bag which receives tho blood through this 
opening of the veins, and then urges it onward through 
another rounded opening, situated near by, Tliis sec- 
ond orifice leads into the ventricle; and because it 
forms the entrance into this cavity, it is known by the 
name of the " ventricular orifice," 

The ventricle is much larger than the auricle, and its 
muscular walls are thicker and stronger. As it con- 
tracts, it sends the blood through an opening at its far^ 
ther extremity into a large artery, which is called the 
"pulmonary artery." This artery leads to the lungs. 
As it reaches the lungs it divides into numberless 
branches and ramifications, which penetrate, as wc have 
said, into all the minute spaces between anil around the 
air vesicles. It is while passing through these channels 
that the blood is arterialized by tho influonce of the air. 
The bright red arterial blood ia then collected from the 
lungs and returned to the heart by corresponding veins, 
called the " pulmonary veins," which open into the left 
auricle. 

The left auricle is similar in its structure to the right 
auricle. It opens by a corresponding orifice into the 
left ventricle. 

The left ventricle is by far the thickest and strontreat 
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portion of ihc heart. It* muscular walls are three quar- 
ters of an inch ia thicknesB ; and they require this ad- 
ditional force, for they are intended to propel the blood, 
by their muscular conlractionx, all over the body. The 
left ventricle opens by ila larther extremity into ;be 
commencement of a large and strong artery, which re- 
ceives all the blood coming from its cavity. This ar- 
tery is termed the Aorta. From tlie heart it risea up- 
ward for a short distance, and then, curving over in an 
arched form, it passes downward through the chest and 
abdomen, sending off, right and left, all the branches 
which distribute its blood to the different regions of 
the body. 

In Fig. 37 the two sides of the heart are shown, to- 
gether with the course of the blood, from the right cav- 
ities tbrongh the pulmonary artery to the lunge, thence 
by the pulmonary vein to the left auricle, and finally 
from the left ventricle through the arch of the aorta 
into the commencement of the arterial system. 

In studying this part of the circulation, two things 
especially claim our attention. First, the movement!* 
of the heart; and, secondly, the action of its valves. 

90. UoTements of the Heart.— In the movements of 
the heart the two auricles first contract together, and 
then the two ventricles follow, also simnltnncously with 
each other. The contraction of the ventricles is much 
more powerful than that of the anricles, owing to the 
greater thickness of their walls. Tlie two sides of the 
heart therefore move exactly together, the contraction 
beginning with the auricles and finishing with the ven- 
tricles. The whole, taken together, forms one entire 
net or movement of the heart, which is called its " pul- 
sation." It is this movement which can he felt, as we 




have said, immediately below the fifth rib on the left 
side of the cheat. 

The contraction of the heart is immediately followed 
by Its relaxation. In this re§pect it ia like all other 
mnscles, which require that intervals of reposo should 
nlteniate with their periods of activity. But in the 
heart these alternating contractions and relaxations 
follow each other with a continuona and almost uniibrni 
rapidity. 




01. Aetioj of the T&Ires. — But bow is it tJut the«e 
movem^iiU cauc ttie blood to flow «w«rd in its lut- 
oral direction ? Why do thej not eipel it frmn the 
heart altogether, or drive it harckvard into ibe teias? 
This brings as to the coDsideratton of the Voice*. 

A valne is simply s morable panitioo or obstacle, 
ivhich swings open in one dtrection sad closes in the 
other. A door is a valve. Yon can open it freely from 
without inward; but when yon shut it, it closes firmly 
against the fiamevork of the doorway, and can not 
pass beyond. The same office is performed by the 
-valves of a pnnip, or those of a Bteam-engine. They 
are made of different materials, but they all act in a 
•imilar way. Before one of them was ever constract- 
ed, tbero vere valves in the interior of the heart. 

At the edges of the narrow opening between the 
auricles and ventricles, on each side of tbu heart, there 
are placed broad sheets of a thin bnt strong fibrons 
tnembrane, which are called the " ventricnlar valves." 
These valves hang loosely into the cavity of the ven- 
tricle, and are easily pushed aside by the current c f 
blood entering from the auricle (Fig. 3S). They do not, 
therefore, offer any obstacle to the movement of the 
blood in this direction. 

But when the ventricle contracts, in order to expel 
the blood from its cavity, the valves are lifted by the 
impulse of the blood, their edges come together, and 
they close completely the ventricular orifice. They 
would then be forced backward through this orifice 
into the auricle, but for a number of strong fibrons 
oords which suHtain them in their places. These coi-ds 
are attached to the edges and under surface of the 
valves, and, passing downward, arc attached to littlo 




mn§cular eminences, or columns, on the BideB of the 
ventridf. These muscular coliimna contract at the 
same time with the walls of the ventricle, and by the 
aid of their tendinona cords hold the valves in position, 
and prevent the regnrgitation of the blood (Fig. 39). 

The blood, therefore, which can not return into the 
auricle, is forced to find exit in the opposite direction, 
and escapes into the orifice of the corresponding ar- 
te rj'. 

There are also valves at the entrance of the great 
arteries. They are in the form of semicircular hags 
or festoons, and are therefore called the "semilunar" 
valves. They open into the artery to admit the cur- 
rent of Wood (Fig. 39), and again shut back to close 
its orifice when the ventricle is relaxed (Fig. SS), 

Tliua these valves move backward and forward, and 
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•Itematelf npen nnii shut with each palMtion of tb« 
heart. Tlic blood, accordingly, ran never gobsdiward, 
bat is carried in a continnooa circait from tfac ri|^l 
side of the heart to the left, through the MKetarivc 
channels of the circttlation. 

0-2. Character of the Heart's Action. — Lastly, the move- 
ment of the heart is iittoluntar\/. It to xiU mora Uiid<v 
pendent of our control than thv morentrnt* of rvapiro- 
tion ; and we can not hasten or retard it in the \eatX 
degree, much lew arrcet it for even a single pnUstion. 
It is kept Dp by the operation of an internal otimulas, 
whtcb is entirely withdrawn from the influence of the 
will 

Neverthele&s, it is affected by many involuntary emo- 
tions. Joy or sorrow, ani^er or excitement, will disturb 
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the regularity of iU motioDs, and increoso or diminish 
their rapiditjt. Disagreeable Bights or sounds, and ^ a- 
rioua moral emotioue, will sotnetiiiiGS affect its action 
to such an extent as to produce faintnces ; but afler 
llie disturbing cause has passed away, the heart recov- 
ers its force and resumes the natuml regnlaviiy of its 
movements. 

We now pass from the study of the heart to ihal of 
the blood-vcBSpls, 

93. Arran^meiit and Distribntion of the Arteries. — 
The first set of vessels into which the blood passes on 
leaving the heart are the ArCeriea. Tlio arteries begin, 
as we have already said, with the aorta. This vessel 
rises from the left ventricle for a short distance behind 
the breast-bone, and then cur%e8 downward, forming a 
Bcmietrcular bend near the top of the chest, which is 
called the " arch of the aorta." From the arch of the 
aorta there arc given off several large branches (Fig. 37 
[8]), which supply the blood for the two arms and the 
two sides of the head. The aorta then passes downward 
parallel with the spinal column, through the chest and 
abdomen, giving off every where branches to the vari- 
ous internal organs. In the lower part of the abdo- 
men it finally separates into two equal divisions, one of 
which supplies the right lower extremity, the other the 
left. Thus all the different parts of the body are pro- 
vided with branches coming from the aorta. 

When the arterial branches arrive at the organs to 
which they belong, they break up into innumerable sub- 
divisions. These divisions grow smaller and smaller at 
the same time that they become more nnmereus ; until 
the whole substance of the organ is penetrated liy their 
ramifications, and every part of it is provided with a 
due supply of arterial blood. 
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The arterial Fyatem is therefore like a great tree, of 
which the aorta is the trunk, and the smaller arterial 
branches are the twigs and ramifications ; only this ar^ 
terial tree is every where hollow, forming a connected 
■cries of vascular canals. 

94. Elasticity of the Arteries. — Now the arterits are 
akutic If we take a piece of tlie aorta of an ox or a 
Bheep, we shall find that we can stretch it, and that aft- 
erward it will retract and recover itself like so much 
India-rubber. The same property belongs to the arter- 
ies of the human body in a nearly eqnnl degree. This 
quality is due to the presence of elastic fibres in the 
walls of the arteries similar to those which we have al- 
ready spoken of in the lungs; only in the arteries these 
fibres are much more abundant than in the lungs, and 
their elastic reaction is therefore more rapid and pow- 
erful. 

The elasticity of the arteries has a most important 
share in the circulation of the blood. 

95. Pulsation of the Arteries. — At each movement of 
the heart, the left ventricle throws the blood uito the 
■orta with the whole power of its muscular contraction. 
This distends the aorta and its branches, with an im- 
pulse which is felt throughout the arterial system. The 
heart is like a force-pump, driving the blood into the 
elastic arterial tubes; and the arteries open to receive 
it, because the strength of the heart is greater than 
their resistance. This expansion of the arteries, pro- 
duced at each stroke of the heart, is called the Pulse. 

The pulse may be felt wherever an artery can he ex- 
ftmined. If we press the fingers firmly upon the upper 
tad front part of the neck, just alongside tlie sitnatton 
larvnx, we Nhall feel the pulsation of the great 
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arteries nhieh supply the hvuil, mid which nre called 
the "carotid" arteries. It is Htill better when tho nt^ 
tery crosses a bono near llie under Biii-face of the skin. 
Immediately in front of the middle of the car ia a small 
nrtery passing upward to the temples and the nutftde 
of the head, called the " temporal" artery, whiuh wc run 
easily feel by pressing lightly upon the skin in this sit- 
uation. Just aboie the wrist, in front of the onler 
bone of the arm, is another ailery supplying the hand 
and lingers, called tho " radial" artery. Tliis is the ar- 
tery which the physician selects for feeling the jmlse, 
dimply because its eituation is a convenient one for that 
purpose. 

For the pulse is a valuable guide in learning the con- 
dition of the heart. As each strake of the pulse n-pre- 
sentB a contraction of the heart, by counting tho one 
we know the rapidity of the other. In grown-up 
persons, during health, the pulse beats about seventy' 
live times per minute. In fevcn* and inflammations, 
when the irritability of tho heart is excited, it rises to 
eighty, ninety, one hundred, or even more than thin. 
Many other peculiarities of the pulse, sueh M its 
strength, its fullness, its regularity or irregularity, 
3how corresponding variations in tho action of the 
heart, and indicate the condition of the circulatory 
system. 

OS. HoTemeot of the Blood thnmffb the Arteries. — Bat 
at the moment when the heart is relaxed, the arteries 
still exert their elastio force. The blood is prevented 
from retnniing into the ventricle by the closure of tho 
semilunar valves, and is thus forced onward through 
the arterial system. 

The blood in the arteries is therefore under an b 
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Bant prosBurc. tt U always coiupresocd hy the clastitf J 
rcactiou of the arterial walls, and at cncli stroke of the I 
heart it is urged by an additional pressure, <lerived ] 
from the muscular contraction. It thus moves throng i 
the arterien in successive waves or impulseB, passing I 
rapidly from the htart toward the ramifications of ths j 
urtcriiil syslom. 

87. The Capillaiy Blood-vessels. — The arteries tcrmK J 

nate in another set of blood-vessels, still finer and more f 

miuntely subdivided, which are termed the CapiRariet, I 

The capilhtrics are invisible to the naked eye, Tlieyl 

are so small tliat they require the aid of the microscope I 

for their examination, and yet they are the most im- I 

portant part of the whole circulating system, for it is \ 

^te them that the blood comes into intimate contaot.^ 

^Mth the substance of the tissues. 

^ These vessels are formed of an exceedingly thin * 
and delicate membrane. They penetrate every where 
among the cells and fibres of the ditt'ereot organs, and 
form so many minute channels by which the blood 
makes its way through the 
I tissues. Their great pee.ul- 
I iarity is that they constant- 
I iy unite and communicate 
ttith each other in every di- 
rection like the mealies of a 
net, so that they form w 
is called the " capillary net* 1 
I work" (FiRurc 40). The ■ 

shes of this network have 
5 different forms in different 
;anB, but they every 
bherc present the essfnliul characters aDove described 
I 
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In some cases the oiroulation of the blood in the 
lapillarica can bo eccn. In the transparent weh of 
y;„ I, the frog's foot, when placed 

under the microscope, the 
blood globules can be pci^ 
ceived shooting along 
through the smaller arter- 
ies and penetrating into 
the capillary network (Fig. 
41). Here the currents of- 
ten turn and wind in va- 
rious directions, passing 
through the various com- 
uic Friii-s rui.i. niiinicationa between the 

different capillary vopsgIs, and penetrating in this way, 
in a mnltttude of different streams, the varions titisucs 
of the part. As the red globules in the frog are larger 
^han those of human blood, and of an oval fo mi, they 
are readily seen while carried along with the cnrrcnt 
of the blood. 

The movement of the blood in the capillaries U 
etcady and incessant. Tliorc is no pulsation here tam- 
ilar to what takes place in the arterica For, by the auo- 
cessivc division and multiplication of the smaller res- 
BcIb and the combined influence of their elastic walls, 
the arterial pulsation has been equalized and converted 
into a continuous pressure ; and under this preesarc the 
blood moves through tlic capillaries in a uniform and 
jninterrupted stream. It is in this part of the Cir- 
culation that the blood loses its oxygen, and Wcomes 
changed I'mm the nrlcri.il to the venous condition. 

6S. The Veins and the Venoos Circalation. — From the 
capillaries the blood is collected into larger channels, 
and so returned to the heart by means of the Vehis. 
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I Wc have already Blndied tho etractnre of the veia 
t diflcrent organs. We know Low they are fonned.1 
i unioQ of the smaller brancbos into larger aoAf 
[^er tmnks. The arrangement of the veins, them- 1 
', is exactly the opposite to that oi the arteries. Tha" 
arteries divide and separate as they pass from the heart 
outward ; the veins unite and coaleseo as thry pass 
from the capillaries inward. In this way the conlinu- 

Ks circuit of the blood >» effected from the arteries to 
e veins, through the capillaries, which are the chan- 
Is ofcommanication between them; so that the same 
blood which pasttes from the left side of the heart int<t J 
(he arteries, is returned at last to the right side of tlurl 
heart by the reins. 
Ha We can easily convince ourselves that the blood 
^H|»oves in the veins from without inward. If wo clasp 
^■^htly the Icwer part of tlio arm, a little above tho 
^Hnist, wc shall soon sec the veins on the bock of the 
^■und enlarge and become turgid, until wc can almost 
^f^ee the blue color of their blood through tho semi- 
transparent skin. This is because tho blood accuma- J 
lating from behind can no longer find its way back tarn 
the heart, and consequently distends the veins bcloW 
B situation of tho pressure ; but as soon as the prest-fl 
B is taken off, the veins empty themselves toward tl 
tan, and again disappear benenth the skin. 
Kow as many of the veins arc situated very near the 
rface, they are often liable to be partially compressed 
1 obstructed, as above, by the pressure of the cloth- 
l and the accidental contact of foreign bodies. Bat ' 
is does not stop the circulation of thcr blood; becauH 
I the first place, tho veins communicate with each ] 
Cher by frequent lateral branchef, and, secondly, they I 
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are provided at many points with valves, rtseoibluij; 
the BBmiluuar valves of the heart, which prevent iho 
hictod from being forced liackward iuto the capillariea. 
When the circnlation is obstructed, therefore, in a sin- 
gle vein, the blood passes ofi'by a lateral channel, and 
thus stilt finds its way baek to the heart. In order to 
check the venous current effeclually, it is necessary to 
encircle the whole limb with a simultaneous pressure, 
as in the experiment on the reins of the arm above de- 
scribed. 

But we should take the greatest care that no such 
presBure is left upon any part of the body as to inter- 
fere in this way with the venous circulation; for a lig- 
ature which compresses an entire limb, however lightly, 
is liable to obstruct the movement of blood in the veins, 
and thus interfere with the entire circulation in that re- 
gion. This injurious effect is indicated by the swell- 
ing of the parts below the ligature ; and if continued 
habitually, it will at last cause a permanent injury to 
the limb by preventing the duo nutrition of its tissues. 
In young children, where the process of growth and de- 
velopment is constantly going on, these bad effects arc 
espeoially injurious. No such pressure, therefore, should 
be left upon any part of the body as will interfere with 
the venous circulation ; but the blood should be left 
every where free to find its way back to the heart 
through the natural passages of the vascular system. 

Two other important points remain to be noticed in 
the phenomena of the circulation. 

99. Rapidity of the Giicnlation.— In the first place, 
the circulation of the blood is exoeedinyly rapid. This 
rapidity is so great tliut it would be incredible, were it 
not for abundant experiments which have establisl 
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beyond a doubt. The timo required for the blood to 
tircniate over tlie body and return again to the heart 
ifl not moro than from twenty-five to thirty scconda 
During this period it pasBcs through the arteries, trav- 
pillary network, i-etnma by the veins, and Ja 
^ain transported through the lungs to the left side of 
the heart. We can undcrstnud, thcrGfore, how rapidly 
the changes in the tiGsnes may go on, and how soon an 
Imparity in the blood, from deficient respiration or 
otherwific, will be felt in the remotest parts of the cir- 
onlation. 

100. Variations of the Circolation. — Secondly, the cir- 
culation exhibits, from time to time, local variations of 
an important cliaractcr. Sometimes these variations 
are occasional and irregular, as where the face becomes 
flushed from mental emotion, or where any part of the 
skin is reddened by some accidental irritation, like a 
blister or a bum. But most of them are regular and 
periodicaL Thus the stomach and intestine are flushed 
and congested during the digestion of the food, and this 
excitement passea off when digestion is finished. The 
Ballvary glands become reddened with blood while the 
secretion of saliva is going on, and afterward return to 
their ordinary pallid condition. Nearly all the inter- 
nal organs have their periods of rest and their periods 
of activity ; and their periods of activity are accom- 
panied by a local excitement of the vessels, by which 
they are supplied at that time with an increased amount 
of blood. These temporary variations in the circola- 
tion of the blood are under the involuntary control of 
the nervous system, by which the necessary stimulas is 
eonreyed to the different organs. 
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QUESTIONS FOB CHAPTER IX. 

1. VnMitilMcircublionoftheblaadT 

2. WhMare tbcorijaBi of thecircobcion? 
8. Of what IB the tiBsae of the henrt composed 7 
4. Whatia tbeutuaiinnofibeheart? Itt liiD? itsfiniB? 
G. Wliere cnn (lie point of the heart be &tt ? 
G. How manj eavitics are there In the heiin ? their nt 
T. Whence Joes the right auricto receive its lilood? 

8. Whither dues the blood go from the right sDricte ? 

9. How doea tlie right ventritle dilfet from ibe aorkle 7 

10. Into wbut vessel does (be likwd go from the right ventricle? 

1 1 . Whither u ihc hlood couvejed by the pulmonary aner; ? 

12. What vessels bring the blood back rroia the lungs! and int* 
what cavity du they empty 7 

13. Whither does )hu bliwd giaaa froin the ten annde? 

11. Why is the left ventricle stronger then the other portions of the 
kean? 

15. Into what vesBel does the hhrad pass after lepving the left veo- 
triclo ? and whilhor dues this veuel cariy it ? 

IC Which oFiho cusiiieB of the heart couirnct simBllaoeoaily with 
each olhor 7 

1 7. What is the mocement of ili« heart in cantracllcin called t' 4 

le. What follows alter each contraction of the heart? 

IS. WhatUoi'aiicf 

20. What la the situation of the ventricular valvar 

SI. What in their sCmctuie? 

S3. Which way do they open, and which way do they ibnt? 

23. What prevenls the valves from being forced hacic in 
cleat the time of the heart's pulsation? 

24. What is the siciuition of the lemibmar vnhea t their form? ^ 

25. Which nay do tlicy open, and which way do they shot ? 
30. What effect do the valves liave upon the movement of the Uood? 
27. Is the action of the heart volunlajy or involuntary 7 

SS. How may it l>e acceleraled or retarded 7 

29. What are the first set of blood-veaseU which convey the blood 
oatH-ard frum the heart? 

30. Descrllie the aorta and its branches. 

31. What hccomea of the uterieB when they BT 
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32. niucU ihe principal physical pcculiftritjofthouteriMr I 

33. What is ihe arU-rial jiubc r 
M. In whw EJluBlions niny ilio anerinl pialre bs felt? 
Sri. Wtiat ia (he average nipiitily of the pulse in health? 
3G. By what omy it be nccelBruted or dif tarbed ? 

ST. At the relanBtiua of [be Leuri, what e&ecl a prodnced on Ilia 
blood bj Ibe elastic presmire of tlie un«ries 7 
38. How does the blood luuve ilii'ough die itrteriol Bysiem. BtendiJj 



19. What b the m 



•I of l-liwil-vessel* in ivhich the artorie^ It 



Jll. WTiai is tboaize and aLracture of the capillary vcaeels ? 

41. WbnX h the rapiiinri/ nrlKork f 

13. Ilow con Iho circnlalion of Ibe blood in the capillariei be seen 7 

43. How does the moTemcnt of blood in the capillaries difi'cr from 
UuU in the arteries ? 

41. Into what TcsseU does the blood pase after leaving the capil- 
lariw? 

43, What is the general arrangement of the Tslns, and what is the 
cnirse uf the blood through them? 

ill. What ia the effect of compresaing the veins by bosdasea at 
otherwise 7 

47. What pennaaent injory muj be produced by obstmcting the 
vonoiu cirpulalion ? 

48. How long a time is required for the hlood to pass throaghonl 
the whale body ? 

49. What an the local variation) of tba circutatioa in paxticuloi 
porta r 
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Wnnntb of Liting Bodies — how preserved.^ — Production of Anli 
Host. — Wann-WoodBd AnimBls. — Cold-blooded Aninu 
pcrature of iho Human Body. — Source ofAmioBl Heat. — Differ- 
ence in Tmnpeniture of the Internal Orgnna.— Animal Qeat neces- 
sary to Life. — Effects of cooUng the Blood ind latenuJ Organs. — 
Jtegulation of Heat by PerapLration. — Perspiratory Glands. — Com- 
pnntion of the Perspiratiaa. — Insaniilila Transpiration. — Increase 
ofPenpirationbyHeat. — Effect of its Evapomlioti. — Effect of heat- 
ing the Blood above 100° Fahrenheit.— Solid IiigredienU of the 
Porspinition. — Sebaceous Secretion. — Necessi^ for ficquent Baih- 



101. AnimalHeat. — One of the most remarkable qual- 
ilies of animal bodies is their heat. Placo your band 
upon any part of the akin, and you feel that it is warm 
to the touch ; tliat U, it ia warmer than the atmosphere, 
or than surrounding bodiea at onlinary temperatures, 
Auimals, wlien c-xiioscd to cold, crowd together to pro- 
tect themselves from its inSuence, and endeavor to pre- 
serve their warmth by mutnal contact. Even tlic 
breath which is expelled from the lungs in respiration 
is warmer than the fresh air which entered a moment 
before. So general and characteristic is this quality 
in living animals that we instinctively regard their 
warmth as an indication of vitality, and its absence as 
a sign of death. 

Furthermore, if we measure the warmth of the living 
body by the thermometer, we shall find that 
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ways vciy nearly the same. Take the bulb of the thcr- 
niomotcr between the fingers of the cloeed hand, and it 
already rises to 1)0 or 95 degrees. But place it in the 
iiilerior of ibe mouth, beneath the tongue, and keep it 
there for a few moments protected from the air, and it 
will stand at 100 degrees of Fahrenheit. This, accord- 
ingly, is the temperature of the internal parts. 

Now this internal temperature is nearly invariable. 
In winter and in Hummer, in the arctiu regions as well 
as in the torrid zone, oven though the external parts be 
chilled or frostbitten, the internal temperature of the 
body b still 100 degrees of Fahrenheit, or thereabout. 
But a» the temperature of the air ia nearly always far 
below this point, the living body must be constantly 
losing heat by contact with the cooler atmosphere. 
How, then, does it keep up its own temperature at this 
elevated standard, notwithstanding a continual loss of 
heat from the external surface ? 

102. Internal Prodaction of Heat. — Tiiero is only one 
way in which this is possible The living body pro- 
duces or generates heat in its interior, and thus con- 
stantly replaces what is lost from without. The inter- 
nal heat, BO produced, ia known by the name of Vital 
or Animai lieat. 

All animals proilucc heat with more or less rapidity. 
In birds and quadrupeds, as well as In the human spe- 
cies, this production is so active that their blood and 
internal organs are nearly always considerably above 
the external temperature; they are therefore called 
" warm-blooded" animals. In reptiles and fish, on the 
contrary, the production of heat, like most of the oth- 
er internal functions, is sluggish and feeble, and their 
temperatore varies but little from that of the air or 
12 
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v&ter ill wbicli they live. Their teniperatare is so 
much below our own that we call them " cold-blood- 
ed" animals. 

Accordingly, it is by its own internal heat that the 
living body is warmed. When we cover ourselves with 
clothing for protection from tfac cold, it is not that this 
clothing has any warmth in itself; it simply prevents 
the internal heat of the body from being dissipated. 
Even when wo warm our houses with furnaces and 
fires, we only prevent, in a similar way, the body from 
being loo rapidly cooled. For the atmosphere, even in 
the warmest apartment, never rises to the heat of the 
living body, which is still the only source of its own 
vital temperature. 

103. Animal Heat necessary to Life.— This elevated 
temperature of the animal body is essential to life. The 
external parts of the frame, especially those which arc 
thinner and more exposed, such as the ears and the 
fingers, may be chilled by the external cold, and again 
recover tbemsolves ; but if the internal organs and the 
blood be cooled down a few degrees below their natu- 
ral standard, death inevitably results, Tlie muscular 
power itt diminished, the sensations become dull, the 
circulation of the blood is enfeebled; and the torpidity 
of the system gradually increases, until life is finally 
extinguished. 

104. Source of Animal Heat. — The source of the ani- 
mal heat is in the nutritive changes going on within 
the body. Wc know that heat may be produced in a 
variety of different ways — by the rays of the sun, the 
friction of solid substances, the compression of air, the 
passage of electric currents, and the burning of com- 
bustible bodies. It is also produced by many diflen 
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chemical changes, by solutions, combinations, and de- 
compositions of various kinds. Every one knows how 
much heal is evolved by the combination of lime with 
water; and a mixture of water with eulpli uric acid will 
produce a similar effect. Now, in the interior of the 
animal frame, an innumerable variety of these chemical 
changes are constantly going on. They are not all 
similar to those which take place outside the body, 
and the details of many of them are still unknown to 
ub; but they are in incessant operation, and are sufE- 
cient to produce, for tlieir final result, the elevated tem- 
perature of the living body. 

105. Variations and Equalization of Animal Heat in 
different Organs. — Accordingly, the temperature of the 
different internal organs is not exactly the same, since 
the chemical changes which go on in their tissues are 
different, Carefiil experiments have shown that this 
difference in temperature sometimes amounts to neariy 
1 i degree of Fahrenheit, Thus far the liver haa been 
found to be the warmest of all the internal organs ; but 
the blood, which also, no doubt, generates heat of its 
own, passes bo rapidly through the circulation that it 
distributee the warmth of the internal organs, and thus 
tends to equalize the temperature of the whole. The 
external surface, therefore, which is in contact with the 
atmospbert;, b kept constantly wanned by the blood 
coming from within ; and the different parts of the 
body, when carefully examined, show but little varia- 
tion from the standard temperature. 

106. BepnlatioQ of Animal Heat by Perspiration. — But 
it is also remarkable that the teniiierature of the body 
is not only thus kept up to a natural standard, but 
that it never rises above this standard in any apprc- 




ciable degree. If the saipe amonnt of heat were gon- 
erat«d in summer aa in winter, we should expect the 
body to Iwcome warmer ; since less lieat is lost by con- 
tact with the atmofiphere. But no nuch variation oc- 
curs. As in winter the internal temperature of the 
body never falls beiow 100 degrees, so in sumiiter it 
never rises above that point. How is it that the 
warmth of the body is thna regulated ? 

It is by means of the Per^iraUon. 

Immediately beneath the skin, over the whole sur- 
face of the body, but more abundantly on the palms of 
the hands, the soles of tlie feet, and the front parts gen- 
erally, there are a multitude of little glandular bodies 
which are called the " Perspiratory glands." Each one 
consists of a slender tube, about ^^ of an inch in di- 
ameter, which penetrates from the surface through the 
whole thickness of the skin, and there terminates in a 
globular coil, very much like a mass of small iDtcstince 
in miniature. The capillary blood-vessels distributed 
to these glands are interwoven with their coils, and 
cover their surface with a fine vascular network. 

Now, although these glands are so small, yet they 
nrc also so numerous that, when taken together, they 
form an important glandular system. Each one of them, 
when its coil is carefully unraveled, is about -fg of an 
inch in length. According to the best calculations, the 
whole number of perspiratory glands in the body is 
about 2,300,000. The combined length of llicir glandu- 
lar tubing is therefore not less than 153,000 inches, or 
abont two miles and a half. 

Throughout this extent of the glandular tubes tho 
blood of the capillary vessels comes in contact with 
their tissue. It there supplies a watery fluid, whid 




poured iato their cavities and finaUy discharged upon 
the earfaco of the ekin. This fluid is the perspiration. 
If the perspiration be examined by cbemicAl an&ljrns, 
it is found to have the following composition: 

CoanMiTios or toe PsRiPiaATiaK. 
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Chloriilea of sodiun and pouniiun, tad •pirit^xCnKt - S.40 

Acetic Bcid, scetsln, lactates, and alcoliol-eilract 1.4S 
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We see, therefore, that the perspiration is composed 
principally of water. The animal matters which it con- 
tains produce in it a faint and peculiar odor, and itfi 
acetic acid gives it a slightly acid reaction; bnt more 
than ninety-nine one hundredths of its materials consist 
of water. 

Now the pcrepiration is secreted all the time. The 
minute blood-vessels ponr out its ingredients into the 
slender cavities of the glandular tubes ; and, as these 
become filled, they discharge their contents through 
their external oi>enings upon the skin, so that the skin 
is constantly exuding a watery fluid npon its surfiice. 
Nevertheless, we do not see this fluid ; indeed, it does 
not remain, usually, for one instant upon the skin, but 
is at once taken up by the atmosphere and dissipated 
by evaporation. This is what is called the "insensible 
transpiration" of tlie Hkin. 

The surface of the body, therefore, though constantly 
supplied with moisture from its glands, is constantly 
dry, because all the moisture is at once carried off by 
evaporation. The effect of ttiis evaporation is to oool 
the surface. 
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^H Evaporation is one of the most effectual means of pr» 
^f during cold. If you moisten tbe hand with any liuii] 
which evaporates rapidly, you will at once feel the sen- 
sation of cold produced- If you move the hand abont 
brisltly in the aii', so as to hasten the evaporation, the 
eense of coolness will be incri'ased in jiroportion. Thf 
more rapid the evaporation, the greiiter the feeling of 
oold which is caused by it; and chemists even employ 
' this means to produce the freezing of water or other 
liquids. 

The surface of the skin, accordingly, is constantly 
^1 cooled ; first, by contact with the atmosphere, and, scc- 
^H ondly, by the evaporation of its own fluids. In cold 
^H weather, however, the perspiration is in exceedingly 
^H small quantity. Its evaporation is not sufficient to chill 
^B the surface, and the temperature of the body is there- 
^H fore kept up to its natural standard. 
^H But in warm weather the perspiration is more abun- 
^H dant. The skin becomes active under the stimulus of 
^H the heat, the blood circulates more freely in the per» 
^H spiratory glands, and a larger quantity of fluid is es- 
^H tided upon the skin. Now, therefore, the perspiration 
^H sometimes becomes visible, because it is secreted more 
^H rapidly than it can be carried off by evaporation. The 
^H evaporation of this increased quautity of fluid pro 
^H duces, of coarse, a greater cooling effect. Consequent- 
^H ly, in the scnsihility of the skin and its perspiratory 
^M glands, the body possesses an apparatus for regulating 
^B its own temperature, notwithstanding the variations of 
^H the external atmo^tphere. 

^H Tlie regulation of the heat of the body by the skin is 
^B nearly as important as its production. For if the blood 
^H be actually heated much above its natural tempcratiu<MS 
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death foUowB as certsinly as if it had been cooled down 
below it. There are only a few degrees of variation 
above and below 100 Fahrenheit within which life can 
be maintained. Now whenever wc make any unusual 
muscular exertion the body becomes warmer, probably 
bec^uso all the vital changes which produce heat then 
go on with greater rapidity. Bui, at the same time, the 
circulation in the ekin is excited, and an abundant flow 
of.perspii-atiou thus prevents the beat from becoming 
excessive. 

107. Quantity of the Perspiration.— The skin, there 
fore, is in constant activity ; and whenever the temper- 
ature rises beyond a certain point, this activity is in- 
creased, and the cutaneous exhalation becomes more 
abundant. Tlie average quantity of water discharged 
in this way with the pcrBpiration is very nearly two 
pounds per day. 

108. Solid ICstter secreted by the Bkin.— The watery 
parts of the perspiration, as we have seen, are carried 
off by evaporation. But its solid ingredients remain 
behind, and are deposited upon the surface of the skin. 
Tiiere is also anotlier cutaneous secretion which is less 
abundant than the perspiration, and which serves to 
keep the skin soft and pliable. It is called the " seba- 
ceous" matter. It is to a great extent oleaginous in its 
nature ; and its solid ingredients, like those of the per- 
spiration, remain deposited upon the sui-face. 

100. Necessity for general Ahlntion. — Accordingly, it 
js of the greatest importance to keep the ekin cleansed 
of these accumulations by frequent ablution. Not only 
those parts which arc exposed to the contact of exter- 
nal impurities, but the whole suifacG of the body, should 
be frequently washed, in order to remove the debris of 




its own secretions. Tlie contact of cold water also acts 
as a healthy stimulus to the skin itself, and tends to 
preserve it in n vigorous condition, ready at all times 
to perform Its natural functions. 

QUESTIONS FOK ClIAITER X 

1. (Vhat U lhe(fni/«™(Breof thoiiHemMl parts nflhobodj? 

2, Docs [his leroperature vary wiih Uiffurent i-limatea, ur lenmln 

8. How is the letDpcrnturo maiiitiiiiieil iiKlepcndenll; of tlie c^tci- 
ndsir? 

4. Do nil nnimal* produce heal more ot Iras ? 

I'l. Wliicli nre cnUod " warm-blooJed" snd which " coiil-bloodod" 
animals? and what h the differonce betneen iheiD? 

0, Is the body kept wHrm by extenutl tampcralure or bj iu own 
interna] bent? 

7. How doe» cblhing, oic, cervB to maintoin the ivanoth of the 
bod;? 

8. Is animal heat necessary lu life 7 

0. What follows when the blood and internal organs ar« cooled 
down below ibeir natnral [eaiperacnre ? 

10. How is the internal heat of the body produced ? 

1 1. la it e^iactl/ the same in the difTerenl internal organa f 

12. If not, how murli does it vaij'? 

■ 1). How is [hs animal beat diseeminateJ and equalised throogboal 
the body ? 

14. Is the interior of the body any wanner in snmmcr than ia 

l.l. Hy whal is llioheat of ibe body modcraled in warm weather? 
IG. What are the glanda which produce the perapimtion, and what 
Is their BtniGCure? 

1 7. What IB the length of each glandular tnbe ? 

]«. What ia the c«mliined length of all the perapiralory gUnds? 

ID. What arc the ingredients of the perspiralion ? 

yo. Ia llio perspiration aecreied occasionally or constantly? 

21. What becomes of it after it ia exuded upon Ibe skin ? 

S3. What is tbe effect of eraporailoii opon the wannth of ^ 
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23. VThen is the penpintion " iiueimblej^ and when does it be< 
come visible ? 

24. What becomes of the solid parts of the perspiration when its 
watery portions are evaporated ? 

25. What is the sebaceous matter of the skin, and what is its nse ? 

26. Whj is frequent washing of the body necessary to health ? 




CHAPTER XL 



NUTKITION. 



DeSnition of Nutrition. — Its ihrec different Parts. — .4siri'rarii(/oii.— 
Absorption of Inorganic Ingretlionij. — Tlieir different Projiorlkms 
ia the Tissues and iho Blood. — Different kinds of AlbnminooB In- 
gredients. — -Transfommtion of tlic Albumen. — Stcrelton. — Strac- 
ture of a Glaud. — Follicles.— Lobules. — Ducts. — Inorganic Ingre- 
dients of a Secretion. — Its Albnminoos Ingredient. — Incnnse of 
Secretion with escilomEnl of the Circulalion. — Excretion. — Altera- 
tion of Animal Tissues during Life. — A neceasarj consequeace of 
Activilj, — Now Substances so produced.— Carbonic Acid.^Ani- 
nud Vapors. — Urea. — Creatine. — Creatinine. — L'rato of Sodu. — 
I>oublo Morement of Nntritioo. — Suppl; and Disvlutrge. — Qoaoti- 
Ij of Material absorbed and discharged in twcnty-lbui hours. 

By the tcmi Nutiition we mean more ospecialiy all 
those secret and varieil changes of substance which are 
constantly going on in the interior of the body, and 
which are essential to its life and organization. We 
shall find tliat these changes are of tliree different kinds, 
each of them necessary, in a different way, to the t^on- 
tiuued operation of the whole, Tliey are, 1st, Assimi- 
lation; 2d, Secretion ; and, 3d, Excretion. 

110. AsBimilation. — Assimilation is the formation of 
the tissues from the elements of the food. For the lis- 
sues of the body are all different in their composition 
from the substances which we take as food, and can 
only be formed when l\\S elements of the food are made 
like, or " assimilated" to them. It la this procesa whtoh 
we shall study in the first place. 




"We have already seen how the ingredients of the 
food are changed in the process of digeelion, and how 
these suhatances, again, are converted into the materials 
of the blood. We may then say that they have been 
asaimiiated to the blood; for this fluid has now its par- 
ticular ingredients, produced by the absorption and 
transformation of the digested food. 

But this food iu not yet converted into the tissnes. 
Kone of the tissues have the same com[>osttion as the 
blood, and they are all different from each other; and 
yet they all depend exclusively for their materials upon 
the blood, which must supply them with every thing 
needed for their growth and organization. How ia 
their nourihhment, therefore, to be accomplished ? 

The fluid parts of the blood consist, as we remember, 
first,of water, with mineral Bubstances in solution, which 
form its inoi^nnic ingredients; and, secondly, of albu- 
men and fibrine, which are its organic elements. Now 
all the inorganic substances have been derived from the 
food. They were absorbed from without, and now, con- 
Bcqucntly, fomi a part of the Wood. They also exist in 
all the solid tissues. Some of them, like the chloride of 
sodium, 01' common salt, are everywhere in the body, 
no tissue being without them. Others, like the phos- 
phate of lime, are sometimes in great abundance, as in 
the bones and teeth, where this substance forms more 
than half the entire tissue. When the blood, according- 
ly, freighted with these inorganic materials, arrives at 
ilie capillary circnlation, penetrating every where into 
the interstices of the tissues, it gives up to them the 
substances necessary for their growth, by exuding them 
through the walls of the blood-vessels. 

But here we meet with a singular phenomenon. 
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1 1 1. Deposit of Ingredients in different Proportions,^ 
TliL'so inorguiiic subslaiicca are prestnt in nil ilio lUsufS 
in different proportions. The Kiue, for cxampk', which 
in the bonos conBtitutca over five hundred parts in a 
thousand of their tissue, in the cartilages forms only 
forty parts, and in the muscles only two parts aud a 
liaii^ Water, which in the teeth is only ten per cent, 
of thoL* snbstance, in the brain is more than seventy- 
eight per cent. Each tissne also must contain these 
substances m its orni proper proportion. If the lime, 
for example, were dcfiiicnt in the bones, they would 
yield and bend under the weight of the body ; and if it 
were in excess in the substance of the heart, the organ 
could not perform its function, and the circulatjon 
would como to au end. 

Each tissue, accordingly, selects from the blood its 
own due proportion of inorganic matters and appnipri- 
ates them to itself It is ns if each one were endowed 
with a kind of instinct, by which it should take no more 
and no less than is useful for its organization. This 
property resides in the substance of the tissnes them- 
Belves. We found, while studying in a former chapter 
the subject of "Absorption" and " Eudosmosis," that 
each animal tissue will absorb certiun fluids and solu- 
tions more readily than others, and that the SEme siib- 
stanco will bo taken up in greater quantity by one mem- 
brane than by a different one. The same thing hapjieus 
during the circnlation in the living body. Thus each tis- 
sne absorbs from thehloo<l its proper quantity of mate- 
rial, and preserves continuously its special composition. 

Furthermore, many of tliese ingredients are in much 
larger proportion in the tissues than in the blood. The 
lime, again, which is over five hundred parts per thou- 
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und in the boneB, in the blooil is only three parts in 
ten thousand. How can the blood, tlierefore, in which 
it ia BO scanty, supply it to the bones, in which it is so 
abundant ? 

It 18 owing to the rapidity of the eircnlation. The 
blood which has passed through thi; capillaries of an 
Drgan and given up to it its ingredients, is at once fol- 
lowed by a fi'csh and unexhausted supply ; nnd as it 
moves through the rapid eoui'ac of tho circulation, it in- 
cessantly revisits the dillerent parts of the body, and 
continues, little by little, the contributions necessary 
for their support. 

112. TraoBfonnation of the Albuminoas Matter. — But 
wo now come to the organic or "albuuiiuous" ingredi- 
ents of the body. 

These are of the most varied character. In the mus- 
cular fibres the albuminous ingredient is termed "Mua- 
culine,** and has peculiar chemical qualities. In the 
bones it is called " Osteine," in tho cartilages " Chon- 
drinc," in the hair and nails "Keratine," and in the 
transparent lens of the eyeball "Crystalline," Tliese 
substances arc all solid in oonsistcncy, and nearly every 
tissue contains one peculiar to itself. And yet they are 
all supplied from the blood, which contains only two, 
namely, albumen and tibrine, neither of which forms the 
substance of any of the tissues. 

Here, then, wo have a phenomenon of transfonnation. 
As the albumen of the blood passes through tho capil- 
laries of each tissue, it is transuded and absorbed lilco 
the inorganic materials. But, unlike them, it is at the 
same time changed in character. In one tissue it be- 
comes osteine, in another musculine, in another ebou- 
driue, and the like. This transformation is ctfected by 
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catalysis ; 'Jiat U, i)ie constituent of each tissue ban tlie 
power, nimply by its cautuct, of coti verting the albumen 
of the blood into its own substance, acd thus providing 
for its own regeneration. 

It ia in this way that the various tisHnes preRor\'e 
their natural eonstitution. It is by this miracnloiis 
tmnsformation, which ia daily going on in the interior 
of our I'raniL', and by which the gluten of bread, tlie 
caiteiiie of mUk, and the albumen of eggs are at last con- 
verted into the flesh, the bones, the membranes, and the 
nervous tissues of the hnman body. Tlirouj^li llie in- 
termediate action, therefore, of digestion and tlie blood, 
all the ingredients of the food arc finally aEsiiniluted to 
tlie substance of llio various tit>suea. 

113. Secretion. — The second part of the nutritive pro- 
0388 is Secretiott. 

A secretion is a fluid prepared frora the blood by va- 
rious internal organs, in order to accomplish a certain 
purpose ill tho animal economy. We have already had 
occasion to speak of several of these eecretions, and to 
describe tJio office which they pertbrm. Thus the gas- 
trio juice, secreted iu the stomach, assists in the diges- 
tion of the food. The bile, formed by tho liver, goes 
through certain changes in the intestine for the prodno- 
tion of other materials. The perspiration is poured out 
npon the skin to regulate its tempcralnre by evapora- 
tion. There are various other secretions which have 
Dot yet been mentioned, snch as the teara, which moist- 
en and protect the transparent surface of tho eye; the 
milk, which serves for food to the yonng tnlant ; and 
the mucus, which lubricates the intenial passngee of the 



body. Each one of these fluids s 
and useful end to tho vital operatiom 
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1 1 4. Structure and action of the Becretinp Or^ns.— 
The Bot'it'liona arc formed in cfi'tain orgaus, wh 

vs," I'ach one opeDiDg by 
an external orifice. 
Several foUicIes are 
usually groiipeii ti> 
f:uHifr,with all 
tlii-ii- (iioulhs open- 
ing into a little 
tiibo, thus formtnt; 
a " lobiilf ;■' and a 
number of lobules 
are also united into 
eompaet mnsis 
with Ihc-ir various 
tubes ail joining 
into one eommim 
tube or " duel" (Fig, 42), Sach an organ is called a 
fflnnd. 

Sometimes the littlo cavities or follicles have the form 
of slender tnbeB, which open separately, each one by 
itself, as in the tubules of the stomach, the follicles of 
the intestine, and the perspiratory glands of the skin ; 
but all the larger glandular orgaiia, such as the parotid 
gland, the pancreas, and the milk glands, have the struc- 
tnre above described. 

The capillary blood-vessels penetrate between tlieae 
follicles, and bring the blood into minute contact with 
every part of the gland. 

Now a change takes place in the glandular organ 
somewhat like that which we have described in the tis- 
sues, Tlie blood, under the pressure of the circulation, 
parts with ils waltT .ind its inorganic ingredients, which 




216 FBYSIULOUY AND UTGIENE. 

tntDBude throngh the Itlood-vesEcls into the cavities of 
tho glandular folUclee. Thus a fluid ie produced from 
the ingredienta of the blood, which is withdrawn or 
separated from the circulatiou, and is therefore culled a 
" yecretion." 

But each gland separates the ingredients of the blood 
in especial proportions, wliich are different for each ao 
cretion. Thus some secretions have a large quantit^ 
of water, like the perspiration ; others a larf^c propor- 
tion of solid material, like the pancreatic juice. Foi 
this peculiar constitulion they depend upon the power 
of the gland to appropriate their materials in the prop- 
er quantity. 

But in each secretion there is also a peculiar animal 
8ul)stanc« which does nut exist in the blood, and it is 
usually uiKin this that the especial character of the se- 
cretion depends. Thus in the gastric juice there is pe|j- 
sine, which serves to dissolve tho food ; in the saliva, 
the viscid substance which assists in mastication ; in 
tho milk, the caseine which gives it its nourishing quali- 
ty. Now all these substances are produced in the gland 
itseli". Tliis is again a transformation, by which the al- 
bumen of the blood assumes a new form in the cavities 
of the glandular organ. The secretion, therefore, con- 
sists of this new substance, manufactured in the ginnd, 
together with the water and mineral ingredients which 
have been supplied directly by the blood. 

Tho peculiar fluid thus produced Is poured into the 
glandnlar follicles, and fills their cavities. It then ap- 
pears in the tubes leading from the follicles, and, ac- 
cumulating constantly in this way from behind, is final- 
ly discharged from the main duct or outlet of the gland. 

We Bee, accordingly, how it is that these secretions 
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tjKa produced more abuodantl^ at particular times, 
TWhen the circulatiou iu the gland is excited, more 
J blood ia admitted to its capillaries, aud its matemU 
[. mro Bupplied in greater quantity. They then exude 
I rapidly into the glandular follicles, and pass out by its 
[ tubes and ducts in an abundant flow. When the cii^ 
ttlatory excitement subsides, the production of fluid is 
^gain checked, and the gland is restored to s coudition 
[ of repose. 

115. Ezcretioo. — Lastly, we have to study the pro- 
I oesa ot Excretion, 

Id all our machines and mechanical contriTaDces ve 
I, can make use of power only by the expenditure of ma- 
I terial. Every mill must not only have s canal to eup- 
[ ply it with water from above, but a sluice-way to car- 
I ry off the waste water from below. The fuel of a fur- 
HBce is constantly consumed, and afterward discharged 
in the form ofsmoke and ashes. The piston of a steam- 
engine is driven by the expansive force of the steani ; 
but when the steam has once acted in this way, it has 
lost its power. In expanding it has changed its form, 
and must then be expelled from the cylinders to make 
room for a fresh supply. 

The same thing happens in the living body. Every 
animal organ and tissue is altered and decomposed by 
its own activity. At every pulsation of the heart a 
portion of its vital power is expended, and the sub- 
stance of its fibres changed. Every time the nerves 
feel, at the same moment their tissue is wasted and 
their sensibility more or less impaired. 

This is not, however, a destmctivc or injnrions ac- 
tion; it is the natural and healthy operation of the liv- 
bj; of^ans. For it ia by this very altM>ation of their 





enbstiuic« that they perform their work ; and fresh ma- 
terial is at the same time constantly supplied for their 
renovation. It is as if nature were incessantly employ- 
ed in unweaving and recoQBtrncting the texture of the 
body,'BO that it may be always new, and always endow- 
ed with undiminished vitality. 

116. Substances prodnced by Excretioo. — But in this 
process new substances make their appearance in tlie 
body. As the changes which we have just doacribed 
go on in the depths of the tissues, their ingredients are 
decomposed and appear under other forms. These sub- 
stances represent the used or exhausted elements of the 
frame, and accordingly, from the first moment of their 
production, they are destined to be expelled. Their 
evacuation or elimination from the body is no less im- 
portant than the other changes of nutrition ; for by re- 
maining, they would interfere with the vital powers and 
obstruct the activity of the system. It would be of lit- 
tle use to supply a fnmace with fresh fuel, if it were to 
remain clogged with the ashes and cinders of the old. 

Excretion is the process by which these waste ma- 
terials arc eliminated, and the substances so eliminated 
are termed the "excretions." 

The most important and abundant of them all IS Car- 
bonic acid. We have already seen how constantly this 
substance is formed in the body, and how rapidly it is 
dischai^ed by the lungs. It passes to the lungs with 
the liquid ingredients of the blood, and is there exhaled 
in a gaseous form by the breath. 

At the same time, there is a small quantity of Ant- 
wiaf Dffpor discharged in respiration. This vapor has 
no name, but it is that wliich gives a peculiar odor to 
the breath. So long as the breathing b unconfined j 
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ventilation free, we do not perceive it to any great cr- 
tent; but in the confined atmosphere of a crowded and 
ill- ventilated room it at once becomes perceptible by 
its stifling and offensive odor. Though in compara- 
tively small quantity, there is reason to bclicvo that 
this substance is even more deleterious to health than 
the carbonic acid whicli accumulates at the same time. 
It is undoubtedly through this vapor of the respiration 
that contagious diseases are communicated, when the 
two persons who are affected have never been in actual 
contact, but have only breathed the air of tho same 
apartment. 

An odoriferous matter of similar nature is also ex- 
haled with tiie per^ratttm. Like the former, it is in 
minute qnantity, and is only injurious when allowed to 
acciunulate and stagnate in tlic atmosphere. If carried 
away by ventilation, it is soon destroyed by the oxygen 
of the air, or decomposed by vegetables for their own 
nutrition. 

117. Urea. — Another very important and abondant 
material of eicretion is Urea. 

Urea is a crystallizable substance which is produced 
in the body usually to the amount of rather over one 
ounce per day. We do not yet know in what particu- 
lar parts of tho system it is formed, but it makes its 
appearance every where in the blood, dissolved in its 
liquid ingredients! The quantity of urea produced viv- 
ries somewhat with the activity of tho body ; for ex- 
periments have shown that it is increased by muscular 
exertion, and diminished during the periods of repose. 
Even mental application alone, without bodily effort, 
will be indicated by the increased amount of this sub- 
stance foi-med in the system. 
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In Bome diaeases the urea accumulates in the blood 
beyond its natural proportion. It then produces very 
injoriouB effects, and actB upon the syBtem like a poi- 
son. The senses become deranged, and the circulation 
is impeded ; and if the accumulation continuce, it at 
last produces convulsions, insensibility, and death. 

But in health the urea is constantly discharged from 
tlie blood by the kidneys. As the blood passes through 
the capillaries of these organs, its nrea filters away, 
and it returns cleansed and purified to the circulation. 
Thus, as the carbonic acid produced in tlie body is ex- 
pelled from the lungs, so the urea is expelled by the 
kidneys. It accumulates in their passages together 
with other watery and inorganic ingredients of the 
blood, and is finally discharged altogether from the 
system. 

There aro various other BobstanccB of a similar na- 
ture which pass out from the blood by the same chan- 
nels with the urea. Two of them are termed Creatine 
and Creatinine. They are formed first in the muscles, 
and are absorbed from them by the blood. Another is 
termed Urate o/" aodo, becaose its peculiar animal ingre- 
dient is combined with soda at the time of its forma- 
tion. All these substances are expelled from the body, 
during health, nearly as fast as they are formed. 

Neil to the lungs, therefore, the kidneys are the 
great organs of purification for the blood. By them its 
waste and exhausted materials are incessantly removed, 
while its other ingredients are retained in their due pro- 
portion. 

118. RenoTation of the Haterials of the Body. — We see, 
then, that the nutrition of the body Is accompanied by 
a double movement of supply ani discharge ; and neither 
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of these two processes can go on independently of the 
other, Intermediutc lietwe«n the two is a third move- 
ment, namely, that of set-relion/ bnt most of the sccre- 
ted fluids, atler being once separated from the blood, 
are again absorbed by the blood- vessels, and so re-enter 
the circulation. . 

Now, if we examine tbu entire qaantity of the mate- 
rials thus absorbed and discharged every twcjity-four 
hourx, we can form an estimate of the rapidity with 
which the vital operations go on. We have already 
given the daily quantities of many of these substances; 
those of the remainder are added iii the following list. 
The numbers are all given for a man of ordinary stat- 
ure, weighing 1 40 pounds. In the first column is placed 
the quantity of material absorbed, in the second that 
of the material discharged. 
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Cwbonic Acid 1.53 lU, 

Vttpor from the lungs.. .1.15 " 

PerspiraCkm l.flS " 

Water of the Urine 2.03 " 

Ureo and other excretioM .*0 " 

Mineral Salts .01 " 

7.07 

Rather more than seven pounds of m.iterial, there- 
fore, are absorbed and discharged daily by a healthy 
full-grown man ; and, for one having the average 
weight of 140 pounds, a quantity equal to the weight 
of the whole body is thus taken into the Bystem and 
expelled from it in the course of twenty days. 

It is plain, also, that this material does not simply 
>a8S through the system, like water through a sieve. 
Oa the contrary, it actually combines during its pas- 
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I sago with tho ingredieots of the tiesueB, and fonns for 
' the lime a part of their suhstance. A large portion of 
I it aUo suffers chemical transformations two or three 

times over, under the influence of the vital actions, 
I passing successively through different forms, until it is 

finally discharged in the process of excretiou. 
I Thus tho history of nutrition is one of incessant 
[ change ; by which the various ingredients of the body 
I »re continuously destroyed and renewed, while the 
I body itself remains always vigorous and unaltered. 






QUESTIONS FOB CHAPTER XI. 

1. What are the ihroe processes of uulrition? 

2. VniaihaiiiimlaiioHf 

S. upon what fluid do Ihe tiesaes depend for their i 
i. Does the blood cuiiuin ail tlie nuter; uid niinenl in) 

J>. Does it conlniii Ihem 

G. Do these substancea exist In llie larioiu liKQca in the 
portion or in different proportions? 

7. Name some insiancea of the vorring proportion of inorgnnii! in- 
Sredienti in the different liesnes. 

8, How ore these subttances deposited in their proper proportion in 
eac^h tiesne ? 

S). IIow can the blood ntppi; more irater or lime to a tissne than il 
contains itself? 



le proportion la ibej exist in the 






ID. Does Ihe 

of the tissues? 



n any of the " albotninoiB" ingredienti 



1 1 . What are (he albnminous ingredients of the blood ? 



those of the tissues ? 



ingredients of the blood 



III. Describe the strnctnre of a jffafirf. 

IT Vniat an iu JbBielet r iUhbuki r In daetr 
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IB. WliRt is the urengaiipnt of the cnpiUar; blood-n 
Slui<l7 

19. From wliaC source are the watery and mineiml iDgrecUeota of a 
•ecretion sapplied ? 

30. How is iti animal sabstaoce produeed ? 

21. How arc the Becretiona produced more abuDilaiillf at particnUr 

22. What id the last of the processes of nnlrilioa ? 

23. Do iheorgant of the body remaiu the some, oraiethej 
by the performance of their fimcticHu ? 

24. Is this change a destroctive or a beallhj protmaf 

25. How are Iha orgsns maintaiiied id a healthy condilioari 
m. "What ia an exerelioM t 

21. Why most Ibe cxcrelions be discharged from the syalemf 
2S. AVhat is the most abundant and important of all the excretions? 

29. How is it discharged ? 

30. What other excretion ii diacbai^d with the breath beside car- 
bonic ofid? 

31. When do the odoriferong matlera of ibe breath and perqunuion 
become deleierlons ? 

33. What \t uren t 

33. How ranch nrea is produced in the body per day? 

84. When nres accumulates in the blood in disease, what efTect 
does it produce 1 

35. By what organs is it discharged from the system during health? 

3(!. What other excretions are discharged by the kidneys? 

87. What is the entire qmuitity of materials absorbed and dis- 
charged by the body in twenty-four hours? 

se. Does this material simply pass through the body, or is it com- 
bined with tbe tissues and again decomposed? 

39. How long would it take for the whole snbstance of the body U 
be renorated by nutrition ? 
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THE NERVOUS SYSTEM. 
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1 19. Olgeet aad Un of tka Mmjmm Sfrt^L— b tk» 

foregoing chapters we hare stt^iel tk» mmb^ m 
which each differeot organ of tbe body ptiful— il» 
work. We are now aboat to He bow tbey Mc wtmkt 
to Kct in hinnon; witli eacb other, far the bcaeil laA 
support of the whole. 

For it is not enoagh that «a oagSB b* waAa CMfaUe 
of performing a ccrtaia faactJOM ; k ■■■« alw aei d< « 
particular time and in a par Uad ^ iwgwwy. Bow li il 
that the diaphragm mo< 

often cnongh to eapplr the loitf^ with the str a 
in respiration ? The stomach, as we fasv« ■M%MaMei 
its gastric juice precisely when tfak ia re yiy e j far lb* 
digestion of the food, and Dot at other tiaaea. 7W 
varying cnrrents of the omtlatiaii, the aetioi 0Hk» 
glandaUr organs, and ertn the BUTCaBeBt of the Mmka, 
mast all work together, or allcmatdy, in aacb a w^ m 
not to interfere with each other, bat to aafal %»nmtld' 
onsly in the general fuDctioot of the bodily fiaiMb 

This harmonioTu action of the difirat orgaaa te ^ 




I 



cured by the aid of the Nervova System, What is the 
Btructure of the nervous eystem, aiid how does it per- 
form its work ? 

120. General Arrangement of the Nervous Syetem. — 
ImagiDO a Boiics of telegraph wirea riiiiiiiiig from all 
the police Btations of a great city to the central office 
or head-quarters of the department. These wires form 
S communication between every street, lane, and ave- 
nue of each district and the central office, and again be- 
tween the central office and all parts of the city. Any 
thing which happens in one district may be telegraphed 
to head -quarters, and an answer at once returned, giving 
the necessary orders or sending the required assiBtancc 
If a man ia found sick or wounded, surgical aid is dis- 
patched to his relief. If a larger number of policemen 
are required to quell a dislurbanec, or to perform any 
unusual duty, they are ordered from other districts and 
collected at the proper point by the Bamo means of com- 
munication. Thus the whole machinery of the depart- 
ment acts together or separately, as occasion domand.«, 
and its different parts move constantly in harmony 
with each other. 

The nervous system is snoli a means of comrouQicftr 
tion between the different ]>arls of the animal frame. 

121. Nervous Fibres or Filaments. — Throug)iout the 
body there are distributed a multitude of slender white 
threads or filamentB, which run in every direction, in- 
terlacing thcmselveB with the various tissues, and 
reaching every part of the ajcin, the muscles, and the 
glandular organs. These filaments are of extreme del- 
icacy, the smallest of them measuring only TT^inr of un 
inch in diameter, and the largest not more than -^^ of 
an inch. Each one is composed of a fine gray ribiM 
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lilce thread in the centre, which is Rurroniided by a 
white, soft material, very nearly like thickened cream 
in consistency (Figure 43), tho whole being inclosed 
in a thin, transparent coveiing, or tubular membrane. 
The filaments so formed are called the Nervous JiUt- 
menu. 

At their commcDCcmcnt, the nervous filaments, as we 
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nerve : i,t,i,4^ Nwvinu iUunmiL 

in the same directio 
beeome confounded 




g the tissues of the vs- 
rions organs. From 
these points they ap- 
proach each other, 
uniting, side by side, 
into little bundles. 
As these bundles 
emerge from the dif 
ferent parta of an or- 
gan they also join 
each other, and form 
larger cords by the 
continued association 
of other filaments. 
WTien sneh a coUeO' 
tion has become large 
enough to be seen by 
tliu naked eye, it is 
called »J^crve. 

Each nerve, accord- 
ingly, is a bundle of 
such filaments, col- 
lected from different 
parts, and all running: 
These filaments do not unite or 
h each other in the substance of 




the nerve, but remain distinct, like the separate threads 
in a skein of silk (Fig. 43), 

When a ner^-o has thus disengaged itself from tho 
deeper tortures, and begins to run in the interstices be- 
tween the adjacent parts, it becomes invested with a 
lliin but strong co>eri«g of white 6brous tissue, which 
binds together and protects its separate filanieuts. For 
these filaments, composed of the soft and delicate matt'- 
rial which we have described, would be liablG to injurj- 
or laceration by the movement of the limbs and the 
pressure of more solid organs, were they not protected 
by such sn investment. Tliis fibrous covering of tlifi 
nerve is called its " neurilemma," or S/ieath. It gives to 
the nerves that white and glistening color by which 
they are recognized by the surgeon in his dissectioD of 
the varions parta 

The nen-es originating in the skin and muscles of the 
difiercnt regions of the body, and from the upper and 
lower limbs, pass inward, from the right side and the 
left, toward the situation of the median line and the 
spinal column. Arrived in this neighborhood, they form 
thirty-one distinct pairs, each pair consisting of two 
symmetrical nerves, one right and one left, coming &om 
the corresponding sides of the body. Tliey then pass 
through certain openings in the sides and back part of 
the spinal colnmn, and thus penetrate into the cavity of 
the spinal canal. Here they unite into a long, whit«, cy- 
lindrical ner\-ouB mass, running from below upward di- 
' rectly along the middle line of the back, in the cavity of 
the spinal canal. This nervous mass is the ^inaleord. 

Tlie spinal cord, therefore, contains within itself the 
filaments derived from all the nerves of the external 
parts of the body and limba As these nerves nnitc 
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called the Cerebellum,- and, 3d, a still smaller portion, 
placed at the junctioii ofthe spinal cord with the brain, 
and called the Medulla oblongata. In the preceding 
figure llie medulla oblongata is not ebown, becanne it 
is concealed by tbc larger masses oflbe cerebrum and 
cerebellum. 

Both the brain and the spinal cord, furthermore, are 
divided by a deep furrow into two equal parts, right awl 
left. These portions are joined to each other beueaili 
by connecting masses of nervous substance ; but upon 
their surface, especially when seen from behind, as in 
Fig. 44, they present the appearance of two separate 
halves, corresponding to the two sets of nerves coming 
from the opposite sides of the body. 

Beside the nerves connected with the spinal cord, 
there are various other pairs, supplying the parts about 
the head and neck, which reach the brain by passing 
through openings in the lower part of the cranium. 
They are called the Cranial nemca. They are not rep- 
resented in the preceding diagram, as they pass, for the 
most part, in a direction from behind forward, and &om 
before backward. 

Thus the main part ofthe nervous system, as above 
described, consists of, Ist, the NervM coming from the 
various parts ofthe body ; and, 2d, the Brain and Spi- 
nal cord, with which these nerves are united. 

Now the nervoue filaments are thejibrea o/eommvni- 
eation ofthe nervous system. They are the tclegraphia 
wires through which its secret messages are sent from 
one part of the bodily frame to another. How is it 
that they perform this office? 

122. Irritability ofthe Nervona Fibres.— Each nervona 
fibre ia endowed with a peculiar power, which is called 
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123. TwodiJ&nBtkiaiianknMiincm.— BeiwlMa 
we closely eiamine the Beiroaa thn m, Chaj ai* imaA 
to he of two diSerent)cinda,end(r««d«iAtw«4MniA 
fiinctions. 

The first are the aauitfex Ofcs, They an iktttik' 
nted thronghnnt the aldii, the fjaam^ ■ 
other organs of the body. They a 
tbey are sensitive to the iiininwiii 
organs ; and they oommnnieaie the n 
ceived to the central parta of the aerr o— wjHUm. tktj 
traiumit the nervous exratemest, thcnfiift,ia ■ 4ita^ 
tion ^m vrithout inward. 
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TTie othera are the molor fibres. They are bo called 
becanec they call into molion or activity the moscles 
or other organs to which they arc distributed, Tbey 
act, accordingly, in a direction exactly contrary to the 
former, and transmit the ncrvons stimulus from wiltun 
outward. 

124. Harvous Centres, or Ganglia.— But the wires of a 
telegraphic system would be useless in themsclYCs un- 
less they were connected with a telegraph office or sta- 
tJon, where their messages could he received, and from 
which the necessary answers could be returned. There 
are such telegraphic stations in the nervous system. 

Beside the white nervous matter, formed of the fila- 
ments or fibres already described, there is another kind 
of nervous tissue, called the "gray" or "cineritioua" 
matter. As its name indicates, it is of a gray or ashy 
color; and it contains, beside nervous fibres and blood- 
vessels, a great abundance of microscopic bodies, of va- 
rious forms, which are called the " nervc-cella." These 
cells are the peculiar elements of the gray nervous mat- 
ter, and are not found elsewhere. They arc generally 
{^, fti, more or less rounded in form, 

with an oval spot apon each, 
which is called its " nucle- 
us." Afany of them have 
slender projections or elon- 
gations running out from 
the surface in various direc- 
tions (Fig. 45), The nerve- 
fibres are abimdantly min- 
gled and interwoven with 
the cells, and oJlen, if not 
always, commniucat« with 
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nervous centres are inlenntdiil* ia tlttsr f— rti— be- 
tnrccn the senntive aad toMor fiRS. 1W mim^m 
conveyed froni without ioTafd u reecircd by dwa^ 
and then return^ or reflected n the afftmU ffine- 
tion. This action ii caHiAtbeSf^kzAttioneflitmvp- 

s aystem. 
I This term expresses tbe vbole aecret of tbe n 
mctiona. 
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We Bee, accordingly, how it is that the nervous sys- 
tem acts as a means of communication between differ- 
GDt organs, This communication is not direct, but cir- 
cuitous in its action. It passes first inward to the 
nervous centres, and again outward by reflection to the 
external organs. 

By the operation of the nervous system, also, we find 
that a stimuiiu applied to one organ excite* the activUy 
of another. Thus cold applied to the skin produces a 
contraction of the muscles; food introduced into the 
stomach causes the evacuation of the gall-bladder; and 
an irritating substance in the throat excites coughing 
by the museles of the abdomen. 

Thus the dificrcnt organs are associated in their (bn»- 
tion, and made to act together, separately or in bqccos- 
sion, as the requirements of the Gystem may dictate. 

There are a considerable number of nervous centres, 
which preside over different functions, and which re- 
ceive and communicate stimulns of different kinds. We 
shall now proceed to study in succession these varions 
departments of the nervous system. 

QUESTIONS FOR CHAPTEE SII. 

1. Why matt ihe different organs net in iarmony with eoeh other? 

2. By nhat iiystein !« Ihe hurmonioLU action of the orguta tecnrcdf 
8. Whftt iA tlie ttnictore, eiie, and RppetiroDce of the nn-cwujCb- 

4. ^Vhat ia a Nirri'ef 

G. By wluit ore the fiUmcnts of 
tecled? 

f>. In what part of tho nervoaa syitein do the nerres of tlM bodf 
uid limbs terioinnle? 

7. What ig ilie siliiation and form of Ihe spinal cord? 

8. With what ia ibe spinal cord connected at it* upper extTOnitjf 
fi. In what cari^ is the bnUn eonioined ? 
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10. What are the three principal parts of the bfain ? 

11. By what are the two lateral halres of the brain and fpinal eord 
•qwrated from each other ? 

12. What are the apinal uerveg t what are the cramialmervtMt 

13. What is the general function of the nerres and nenroos fil*- 
ments? 

U. Whatisthetrrtte6»£(|rofanerTe? 

15. Where is the effect of nerrons irritabilitj mamiBrted — in the 
oenre itself or in some other otfpok ? 

16. What two Jdads of nenroos fibres aie there in the nerfoos ijis- 
tem? 

17. What is the property of the sensiiivt fibres ? 

18. What is the property of the motor fibres? 

19. What is the stmctore of the yrajr aemw* matter t 

20. What is the name giTen to a coUectioo of gray nerfoos matter? 

21. Where is the gray matter sitnated in the qanal coed? in the 
bnun? 

22. Whatbtheliinctioaofaganglioii? 

28. What is the reJUx actum of the mertoas tfttemt 
^. Name some instances of refiexactioa. 




TOB BFINAL NERr£3 
FDnction of the Spinal Xervca. — Sensa^on and Motion. — Faralrrii 
from injury of Ncno. — Restoralion of n dirided Nene. — Anterior 
nod Posteriur Itoots of Spinal Nerves,— Anierior Roots motor. — 
I'oslorior Roots sensitive.— Anterior and Po»lerior Columns of (lie 
Cord. — Anterior Columos motor. — rortcrior Columna Eeuicire.— 
Connection of Spinal Cord with Bnun. — Paraljois from iujury of 
Spinal Cord. — Paraplegia.^ — ^t'rossod Action of tbo S|iilial Cord. — 
Hemiplegia. — Imerpostal Nerves. — Phrenic Nerve. — Sensitrility of 
the Skin — its Variation in different Parts. — Ordinary Sennlulity. — 
Sensibili^ to Pain.— Sensibility to Heal and Cold.— Spinal Conl as 
nNortoua Centre, — Its (i ray Matter. — Reflex Action of the Spinal 
Cord. — Its Character and Funclion. 

126. Distribution of the Spinal Heirea, — The Bpinnl 
nerves, ns we have seen, which are distributed to thD 
external surface and muBcleB of the hody^ and limbs, 
place these organs in communication with the spinal 
cord, and, through the spinal cord, also with the brain. 

Now these nerves are the organs of the two great 
functions of Sejiaalion and Motion. If we touch any 
part of the external surface we feel the contact, because 
it is transmitted to the nervous centres by tlie nerre 
coming from the part. Whenever we move a limb, wc 
do eo by means of the nerve which calls into action the 
muscles to which it is distributed. These two func- 
tions, therefore, of sensation and motion, are confided to 
each nerve for that part of the body to which it Iw- 
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127. EfitetsoTuijuiytos^iBilBan*.— 

I ly, when a spituU n^rre ia injnred or Aeetmjtd, I linn I 

liinctions can not coDtina«v Sncb an effect is pcodaeed 

wbeaever the principal nerrcs of ibe arm or the leg an 

accidentally' compressed to that their vitality is ntspcnd- 

ed. The limb is then said to be ''' asleep.^ It is numb 

and powerless, and seems like a dead veighl attached 

to the body. AVben the pressure U taken off, the ner\-e 

L'gradaally recovers itseti^ and sensibility and movement 

^<)«tam in the affected limb. 

The same effect is still more complete when a nerre 
is actually cut or torn apart. Then all commanicition 
is severed between the central parts and the injoreil 
limb. The muscles may be sound, bat we can not use 
tbcm, since the necessary stimulus can no longer reach 
them through the divided nerve. The skin may be un- 

I injured, but wc can not feel, because the nervous com- 
munication stops short before it arrives at the spinal 
cord. This affection is called Paralytis. 
In such cat^cs the paralysis, of course, is confined to 
tlrnt part supplied by the injured nerve. Thus, if the 
serve going to one leg be cut off, that leg alone is par- 
llyzed. If the nerve belonging to the right arm be di- 
vided, the right arm alone is affected. Any portion of 
ithe limb, such as the hand or even one finger, may l>e 
wparatcly paralyzed, if the nerve distributed to it be 
severed while the others remain uuJnjtired. 

In such a paralysis it is evident that there are two 
different affections combined, namely, a;)«ra/y«« of mo- 
tion and aparalysin of lensation. Both kinds of paral- 
ysis are produced at once, because the nerve contains 
, both motor and sensitive fibres, and because all these 
Abres have been cnt off at the same time. 
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12a BetmioD of divided Nerves. — Now, does sii acci- 
dt'tit like this destroy all ho])L> ot'vurt', and entail a per- 
manent loss of motion and scnHibillty in ibe injured 
parts ? Fortunately il does not. If it were so, every 
surgical operation would produce mora or less paraly- 
sis, and even every accidental cut upon the lingers 
would destroy the sensibility and action of some por- 
tion of ibem. For the smaller ner\-cs are so finely dis- 
tributed that some fibres arc necessarily severed by any 
incision of tho tissues, and allcr a time a repetition of 
such accidents would paralyze a considerable portion 
of the surface. 

But these fibres, when out, grow together again. They 
heul, like the muscles or the skiu, and thus re-establisb 
their communication. This healing of the nerves is 
slower and more difficult than that of other tissues, and 
therefore the snrgeon avoids them in bis operationa 
But after a long interval, sometimes several months or 
even a year, according to the size of the nerve, the 
wounded fibres gradually reunite, and sensibility m 
turns to the surrounding paits. 

In the spinal nerves of the limbs and trunk the senKt- 
tive and motor fibres are inextricably mingled togeth- 
er. They also have precisely the same structure, and 
we can not distinguish one kind from the other by any 
difierenco in their appearance. We only know that the 
nerve serves at tho same time both for sensation and 
motion, and therefore that it contains both motor and 
sensitive fibres. 

120. Dlstinotion of Sensitive and Uotor Roots in the 
Spinal Nerves. — But as the nerve enters the cavity of 
the epinal caual, a curious change becomes manifest in its 
anatomical arrangement. There the two kinds of fibres 
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•rt company. Tlie sensitive fibres pass backward in a 
'•eparale bundle, and join tlic spinal cord toward its pos- 
terior part ; the motor fibres disengage themselves from 
tbe others, and unite with the spinal oonl toward its 
front part. Thus every spinal ner\-e, on each side the 
body, has two separate roots, by which it is connected 
with the spinal cord, viz., a, posterior roo/, composed of 
Bensitivc fibres, and an anterior root, composed of mo- 
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In tlie accompanying diagram, the spinal cord U I 
shown in transverse section ; that is, as if it were < 
across horizontally at the level of one pair of spinal 1 
nerves. The lower part of the drawing represents the I 
front of the spinal cord, and tbe upper part its posterior 
portion. The two roots of each nerve, anterior and pos- 
terior, are seen separating from each other, and uniting 
with the corresponding parts of the spinal cord. Tha 
posterior root has upon it a small swelling or ganglioi 
(marked c), which is the only particular in which itH- 1 
appearance dilTcrs materially i'rom that of the anterior I 
root. The longitudinal fissure is also shown, by whio^ J 
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the epuial cord is partiaUy divided into right and left 
halves. This fissure is rather wide and shallow at the 
front, but narrow and deep behind. Finally, the gray 
matter is seen in the central part of the spinal cord, 
ehowjng the singular cross-like form in which it is ar- 
ranged. 

While in the nerves of the exterior, accordingly, ihc 
functions of motion and aeneibility are mingled togeth- 
er by the interlacing of their fibres, in the central parts 
of the nervous system they are separated from each 
other and occupy distinct sitnations. 

What becomca of the fibres of the nerves after they 
have been united with the spinal cord f 

ISO. Passage of Sensitive and Uotor Fibres through 
Uie Spiaal Cord. — On arriving at the corresponding poi^ 
tions of the cord, they change their direction and pass 
from below upward. The sensitive fibres of the poste- 
rior roots then form a part of those two vertical bun- 
dles of white nervons matter which mn np and down 
on the back of the fipinal cord, on each side the central 
fissure. {See Fig. 44.) Tliese are called the Posterior 
columns of the cord. The motor fibres of the anterior 
roots join two similar bundles of white matter in front; 
theBe are called the Anterior columns of the cord. 

Tlie posterior columns of the cord are scnsilive, like 
the fibres of the posterior roots; and the ant«rior col- 
umns are motor, like the fibres of the anterior roots. 

131. Terminstion of Nervous Fibres in the Brain. — 
From this point the anterior and posterior columns of 
the cord pureuo their course to the upper part of the 
spinal canal. Here they enter the great opening or 
foramen in the base of the skull, and then, enlarging 
and spreading their fibres in varions direction^', termi- 
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aate, as we have already Baid, in the enbatanco of tlis 
bmin. 

Throughout this distance the nervous fibres of the Bpi- 
Dal cord maintain an undisturbed connection. Anato- 
mists can not yet determine whether each filament by 
itself runs a continuous and uninterrupted course from 
the nerve to the brain throughout the spinal cord, or 
whether successive fibres connect with each other the 
nerve, the spinal cord, and the brain. For these fila- 
ments are bo innumerable and so delicate that it is im- 
possible to follow the same one under the microscope 
long enough to be sure of its exact destination. But, 
whatever may be their precise anatomical arrangement, 
the physiological connections of the anterior and pos- 
terior columns are cont'muous and complete up to the 
point of their termination in the brain. 

Now the brain ia the scat of the consciousness and 
the will. No sensation can be perceived until it arrives 
at the brain, and no voluntary motion can be performed 
anless the nervous stimulus, starting from the brain, 
oan reach the nerve through the spinal cord. 

The spinal cord, therefore, as thus far considered, is a 
medium of communication lietween the brain and the 
ipinal nerves. It may be regarded itself as a great 
«erve, inclosed in the spinal canal and giving off the 
Wccessivc pairs of spinal nerves as branches from its 
own trunk. 

132. Paralyeie fh>m Injury of the Spinal Cord. — Ac- 
cordingly, any injury to the spinal coiil will produce 
|»ralysis of the parts below. This happens where any 
flevere accident has broken and displaced the bony 
arches of the spinal column which inclose and protect 
■the cord. The broken pieces of bone, pressing npcUi _ 




the oord and lacerating its substance, cul off the con> 
munication between the brain and the inferior parts. 
When Buch an injury has produced paralysis of the 
lower part of the body, we eay of the paralyzed person 
that his " back ie broken," The fracture of the bonea, 
however, would not be, by itself, of much consequence, 
since it ia only the projections on the back of the 
nal column which arc usually broken ; but it becomea 
important and dangerous on account of the injury la- 
flictcd at the Kanio time upon the spinal cord. 

When BticU a fracture of the spine hap])GnB in the 
middle of the back, the legs are paralyzed, while the 
arms remain unafl'ected, Tliis form of paralysis, which 
is confined to the lower half of the body, is termed 
Paraplegia. If tho injury be in the middle oftbe neck, 
the arms arc also paralyi»:d, since the spinal cord is 
then severed above the point at which the neni-es to 
these limba arc given off. 

In all such cases as tho above, the powers of motion 
and of sensibility are usually paralyzed together. Tho 
skin becomes insensible, and the voluntary muscles pow- 
eriess over the whole extent of tho paralyzed parts; be- 
cause so rude an injury to the spinal cord will general- 
ly reach all parts of its thickness, and tear off ftt the 
same time its sensitive and motor fibres. But eom» 
times it happens that tho accident affects only the an- 
terior or only the posterior portion of the cord. In 
such instances the power of motion is suspended while 
sensibility remains; or, on the other hand, the sensi- 
bility of the skin ia lost while the muscles retain their 
power. 

1 33. Decnesation of the Motor and Sensitive Fibns of 
the Spinal Cord. — A singular feature in the connection 
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6f the Bpioal DGrves with the brain throogh the Bpinal 
eord is that this connection is a crossed one ; that ia, 
that the nerves of the right side of the body are conTtect- 
erf with the left side of (lie brain, and tluiae of the left 
aide of the body tctth the rigfu side of the brain. 

The anterior columns of the oord pass upward, as we 
have seen, their fibres running nearly parallel with each 
Other until they reach tlio entrance to the skulL Im- 
mediately above this point, and before joining the brain 
proper, the spinal cord enlarges into a somewhat wider 
and thicker oblong-sha^ied mass, which has been already 
mentioned, called the " medulla oblongata." At this 
situation the fibres of the two columns cross over ob- 
liquely from side to side, those of the left anterior col- 
umn passing to the right side, and those of the right 
anterior column passing to the left side. Tliis is called 
the *' Decussation of the anterior columns of the cord." 
Their fibres then terminate respectively in the corre- 
sponding sides of the brain. 

Thus each side of the bratn holds nuder its control 
the voluntary luovemeiils of the opposite side of the 
body. 

134. Paralysis from injury of the Brain. — The conse- 
qncnce of this ia, that when a serious injury is indicted 
Upon the brain at the point where these motor fibres of 
the nerves take their origin, a singular kind of paralysis 
is produced, which is exactly confined to one side of the 
body. The right arm aud the right leg, for instance, 
will be paralyzed, while the two limbs of the left side 
will remain uninjured. This kind of paralysis is known 

I Hemiplegia. It is situated on the opposite side of 

le body to that on which the injury to the brain haa 
l^een inflicted. 
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The senBitiTC fibres of the spinal cord also pass from 
one side to the other. Tlieir crossing, however, takes 
place, not in a particular spot, but throughout the whole 
length of the cord. As the sensitive root of each nerve 
joiua the posterior column, its fibres soon pass over 
through the central portions of the cord, and tlien fonn 
a part of the posterior eoliimii of the opposite side. In 
hemiplegia, therefore, produced by injury of one aide 
of the brain, the power of scosiitioa is lost on the oppo- 
site side of the body, at the same time with the power 
of motion. 

135. Intercostal and Phrenio Herrea. — Among the spi- 
nal nenes there arc certain ones that deserve particu- 
lar attention. 

The first ofthese are the Intercostal nerves. As their 
name indicates, they are situated between the ribs, and 
are distributed to the intercostal muscles in the same 
situation. Tbey are united with the spinal cord in the 
middle region of the back, from the level of the first rib 
to tliat of the last. It is these nerves, therefore, which 
enable the intercostal muscles to move in the act of in- 
spiration, 

Kow, if we recall the mechanism of inspiration, we 
shall remember that this mechanism consists of two as- 
sociated actions: first, the movement of the diaphragm, 
by which the abdomen is protruded below, and, second- 
ly, the movement of the intercostal muscles, by which 
the chest is raised and expanded above. Both these 
sets of muscles are animated by nerves which come 
from the spinal cord ; and the intercostal nen'es, as we 
have seen, are given off from it in the middle region ot 
the back. 

Accordingly, if the spinal cord be injured at the level 
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of the first rib or &t the lower part of the neck, the in- 
tercoBtal muscles are at once paralyzed. The chest no 
longer expands in respiration, but remains quiescent 
and motionless. It is for this reason that a fructure of 
the spine at the nppcr part of the back is more danger- 
ous than when situated lower down. NeA'ertheless, the 
breathing does not stop altogether, since it is still par- 
tially kept up by the action of the diaphragm. 

The other important pair of spinal nerves arc the 
Phrenic nerves, which belong to the diaphragm itself. 
This nerve springs from the spinal cord by branches 
from two or three of the spiual nerves, just above the 
middle of the neck. Thence it passes downward as a 
single trunk on each side, and, entering the cavity of 
the chest, is distributed to tho muscular fibres of the 
diaphragm. Upon the phrenic nerve depends the whole 
power of motion of this important muscle, 

Wlien the spinal cord, therefore, is severed above the 
middle of the neck, both the intercostal muscles and tho 
diaphragm ar« paralyzed together. All the movements 
of respiration accordingly cease, and death is necessa- 
rily produced. 

130. Acuteness of BesBtbility in difierent parte. — Sev- 
eral facts remain to be noticed in regard to the aemibtl- 
ity conferred by the fibres of the spinal nerves. 

This sensibility is extended throughout the skin or 
general integument of the body, and is therefore called 
the " General sensibility." It is not, however, distrib- 
uted every where in an equal degree, but is much more 
acute in some situations than in others; being more 
highly developed than elsewhere in the tips of the fin- 
gers. Physiologists have sometimes moasurod the de- 
gree of sensibility of difierent parts ; and have fouud 
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that at the tips of the fingors it is twico as great as at 
the middio of their under surface, five times as great aa 
on the back of the fiogers, nine times as great as on the 
back of the liand, seventeen times as great as on the 
top of the foot, and more than thirty times as great as 
in the middle of tlie back. It is for this reason that we 
generally use the fingers as the organs of touch ; and 
also because by their varied movements we can easily 
adapt them to the different surfoees which ive may 
wish to examine. 

The sensibility of the skin is called into action by the 
contact of foreign bodies, and gives us information of 
their softness or resistance, their external shape, the 
smoothness or roughness of their surface, their fluidity 
or Bolidity, of cold and heat, and of all the physical 
qnalities which can be ascertained by the touoh. 

The internal tissues, such as the mnscles and some 
of the lining membranes, are also endowed with sensi- 
bility, but it is mnch less acute in them than in the 
skin. 

137. Senribility to Pain. — It is through the sensibility 
of these parta that we arc capable of feeling pain. But 
it is a curious fact that the sensibility to pain is entire- 
ly distinct from ordinary sensation, and even interferes 
with it exactly in proportion as it becomes more acute. 
Thus, if we place the hand upon a piece of iron at or- 
dinary temperatures, wo can tell whether it is oool or 
warm, and can form a good idea of the exact degree of 
its cold or heat. But if it be hot enough to bum the 
akin, we no longer estimate the degree of its tempera- 
ture, but only feel the pain which it occasions. It is 
for this reason, as it is commonly said, that bodies which 
are eioesaively hot or excessively cold produce the same 
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sensation. The troth is, tlioy do not produce any sen- 
sation of cold or heat, properly speaking, but only a 
sensation of pain, wbidi is different from either. 

13B. Sensibility to Heat and Cold.— Finally, the sensi- 
bility to heat and t-old is different also from the ordina- 
ry sensibility of the toueh ; and instances liave been 
known where persons have loat the power of distin- 
fruishing temperatures, while they have retained both 
the sejisibllity of touch and the sensibility to pain. 

All these different kiuds of sensation are coraniuni- 
csted to the brain tbrongh the medinm of the spinal 
nerves and the spinal cord. 

So far, then, we have found the spinal cord to be an 
organ of communication between the spinal nerves and 
the brain; serving to conduct the power of sensation 
and voluntary motion by means of its anterior and pos- 
torior columns. 

139. The Spiaal Cord as a MervooB Centre.— But the 
spinal cord is also a Xeraous centre. For it contains in 
ils deeper parts a double band of gray nervous matter, 
in the form of a long ganglion running through ils en- 
tire length. The form and situation of this gray mat' 
ter may be seen in a transverse section of the cord, as 
in Fig. 4S. The motor and sensitive fibres of the spinal 
nerves not only join its anterior and powterior colnmns, 
as already described, but they also communicate with 
the gray matter in its central parts. The spinal cord 
may therefore act independently, as a distinct ganglion. 

When the cord is severed in the region of the neck 
or the upper part of the back, communication with the 
brain being cut off, all voluntary motion is lost in the 
moscles of the limbs below. But still these muscles 
may act; and they may act in response to a stimulus 
L2 
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applied to the ekin of the paralyKcd parts. This is 
Bometlmea seeu in persons affected with complete pa- 
lalyBis of the lower half of the body. Such persons are 
entirely helpless and insensible in the lower limba. And 
yet touching the legs or the eoles of the feet, the impres- 
HOD of cold air, or the contact of the clothes, will often 
produce very evident twitching of the muscles, and even 
bending or stra^htcuing of the knees and ankles. 

la these cases the patient has no feeling in the para- 
lyzed parts, and no knowledge of the inovemeius which 
they executa Tlio brain, therefore, has nothing to do 
with these movements. They are performed by the in- 
dependent action of the spinal cord. Such movements, 
however, are reflex in their nature. That is, the action 
of the muscles is excited by a stimulus applied to the 
skin. The nervous stimulus is first conveyed inward 
by the sensitive fibres of the skin, and again reflected 
outward through the motor fibres to the muscles. This 
is called the Keflex Action o/t/te spinal cord. How is 
this action accomplished? 

When the stlmalus applied to the skin is conveyed 
inward by the nerves, it arrives at the spinal cord by 
the posterior roots, and reaches the gray matter in its 
central parts. Here the gray matter receives the nerv- 
ons impression, and instantly converts it into a motor 
impulse, which is reflected outward along the motor 
fibres of the anterior roots. As these fibres are final- 
ly distributed to the muscles, they stimulate these or- 
gans to contraction, and thus the reflex movement is 
finally produced (Fig- 47). In the accompanying dia- 
gram the spinal cord is shown in vertical section ; that 
is, as if it were split longitudinally from above dowtt 
ward. The gray matter in its centre, therelbre, i 
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pearB as a vertical bani3 
Dr ribbon, still covered 
with the white subBlance 
I on its exterior. Tlie di- 
I rection of the nervous 
I BtimuluB is also shown, aa 
', [lasscB inward by the 
I posterior root to the gray 
I matter, and is there tiim- 
I ed or reflected back, to 
I pass outward again along 
'. the motor fibres of the 
riMrooiorspioVrnerye:"' " — "' anterior root. 
Now the peculiarity of this action of the epinal cord 
is that it is a perfectly simplo reflex action; that is, 
U is fwt accompanied by any saiaation, consciousness, 
or volition. These properties reside altogether in the 
brain, and do not belong to the spinal cord. Conse- 
quently, when the communication with the brain Is cut 
olT, it is only the simple blind operation of the cord 
itself which is called into activity. 

1 40. Importance of the Keflex Action of the Spinal Cord. 
— But this independent action of the spinal cord takes 
place also in health, only we do not usually notice it, 
because our attention is not attracted by any conscious 
sensatioa Nevertheless, it is very important in pro- 
tecting the body from sudden injuries, and in regula- 
ting the action of some of the internal organs. 

When the skin of any part is unexpectedly brought 
In contact with a foreign body, such as a lieated iron or 
a rough surface, we often withdraw the limb by an in- 
Btantaneous and involuntary motion before we are fair- 
ly conscious of any injury. This is the reflex action of 
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tlie epinal cord. In falling fiom a height, the limbs are 
instinctively thrown into such a position ae to defend 
the most important parts of the body, and break as 
much aa possible the force of the shock. Tliis is the 
reflex action of the spinal cord. Certain of the internal 
muscles which guard the natural passages of the body 
are maintained in continuous contraction withoat vol- 
untary cfi'ort and without fatigue, and arc moved in va- 
rious directions at the proper time, to provide for the 
healthy operation of the internal fimctious. This ih 
also accomplished by tlie reflex action of the spinal 
cord. 

When the Bensibility or ruflcx power of the Bpinal 
cord is unnaturally increased, it produces diseases of a 
terrible character. Tliceo arc the various affections 
which are accompanied by Convulsityna ; in which all 
the muscles of the body are thrown into involuntary 
spasms, and the limbs are bent and distorted by irre- 
sistible contractions. In the convulsions of ia&nts, 
these movements are usually caused by indigestion. In 
the more fatal disi'ases of "Tetanus" and"Hydropho- 
bia," in grown-up persons, the least external excitement, 
euch as the opening of the doors, the contact of the 
dreaa, or a breath of air, is sufiicicnt to call ont the un- 
natural irritability of the cord, and throws the whole 
muscular system into spasmodic rigidity. 

DuiTiig health, accordingly, we are not conscious how 
much we owe to the spinal cord and its reflex power- 
Quiet and unnoticed, it keeps watch over the safety of 
the body, ready to net at an instant's warning, and per- 
forms its work without ever causing us fatigue, or re- 
quiring any effort of attention or of the will. But when, 
irritated by disease, it loses its character of moderation 
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and regularity, and from the eervant of the body be- 
feomes its master, tbeo it rapidly exhausts tbe muscular 
force and destroys life by the nucontroUed violence of 
its action. 

The spinal cord, therefore, is not only a medium of 
communication between the brain and the extpraal 
parts. It is also a ncr^'Ous centre, which presides by 
Itself over the involuntary movements of the body and 
Jimbs, It acts as such without our consciousness and 
independently of our will ; and its function is to pro- 
vide for certain muscular actions in the interior, and to 
protect the body against unforeseen dangers from with- 
.out. 

QUESTIONS FOB ClIAPTEB XIII. 

I. How arc the din'crent partu ufilie body aad limbs placed in com- 
Bumiculion with the spinal cord and the lirain? 

. a. WhatarethotwogreatfunctionsortheBpiiml nerves? 

3. Whut ts ibe efCixi of conipreming or cntdng ufT tk spinal nerve? 

4. Whst is panUysii ? 

n. Wbal two kind* orpsraljsis exist together after cutting off a 

6. May the nerve etow together again after it has been once di- 
vided? What effect docs this have on ibo pandyied jiarla? 

7. What two kinds of fibres are contained in the P]>inal nerres ? 

5. How ore the sensitive and motot fibres Ecparat^d within tho spi- 
nal canal? 

9. How oud where do they unite with the spinal cord? 

10. Of what fibres is the atilerior root of a spinal nene composed? 

II. Of what is the /wiffnin- root composed? 

12. In what direction do tlie nervous fibres pass after joining the 
filial cord? 

13. What are the anterior and posterior columns of the cord, and 
Wlmt is the difference in their function 7 

14. What is the effect of injury of the spinal cord opon the parts 
Mow? 

16. Why is fracture of the spina liable to produce paralysis? 
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16. 'WlM ia paraplegia r 

17. What part of the spinal cord must be injured to produce par* 
ptegia? 

18. TVliat part of the spioal cord must be injured to produce pan]- 
yni of both arms and legs ? 

19. Are motion and sensation both auspended together in oriUnai^ 
eaiec of paraljua ? 

20. Are they ever affected separatelj ? Under what dremnstance* J 
SI. Uow are ihe two oppocite sides of the bodj and braio conoect- 

ed with each other? 

22. Where do the fibres of the anMrior columiu cross to the oppiy- 
site aide ? 

23. What is haaipUgia t 

2i. If the rigkl side of the brain be injured, which aide of the bod; 
wriUbeparalyMdr 

85. If the UJl side of the brain be injured, which side of the bodj 
willbepsndjiedT 

'iG. Where do the ttntitive fibres of the spinal cord cross from side 
to side? 

27, Wliere are the intercoGtal Derres united with the spinal cord? 

L'8. What effect is produced on respiration bf froctnre of tlie spin* 
at the upper part of the back? 

20. Bj what nerres is the diaphragm supplied? 

50. Where are the phrenic nerves nailed with the s^nal cord? 

51. What effect is produced on rcipiration by iiyuiy to the qMoal 
cord above the origin of the phrenic nerreB ? 

83. What is "jiniera/jnwiii/i/yf" 

33. In what parts is the sensibility of Che integument most acaiel 

84. Is the sensibiUt; of the in teroal organs more or Icsi acatethu 
that of the skin ? 

85. What infonoation do we acquire by means of the goienl Mo- 
dhility? 

3G. What is the difference between geneml sensibility end semi- 
bilily to pain? 
ST. May genera] sensibility exist without sensibility to pain, and 

S8. Why is the spinal cord a neriiatu etntrt aa well as an organ of 
communication? 

39, Wh«tis(her?/(uBe[i'ooo/-(Ae«piiio/i»rJf 

40, How it this reflex action seen in paralyzed pencnu? 
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41. How IS the nenrooB stimiiliis ooiiTejred in reflex actkm of tfae 
gpinal cord? 

42. Is this action accompanied hy sensation ? by consciousness ? 
byrolition? Why not? 

43. Kame instances of the inTolontaiy reflex action of the spinal 
cord in health — ^in disease. 

44. What is the effect of ezceBOTe irritabili^ ofthe spinal cord in 
disease? 
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CHAPTER XIV. 

THE CKAMIAt MKRVES. 
Chnrncier of the Cranial Nene?. —Sensibility of the Fbco.— Fifth 
I'BJr of Cranial Nerves— ils Ihreo Ursnches — ihoir Distjihiitioii— 
thar Seneiliilltj. — Neuralgia. — Tic Douloureux. — Motor BnDch 
of the Fifth Pair. — Muwlca of MuticatioB. — Temporal. — Mwse- 
ter."— I'terjgmJs. — Mo\-onienl» of Expression. — Fauol Nerve — its 
Didlrilralion — ils Motive i'ower. — Parulyiis of the Face. — HvpO" 
glossal Nen'e.—Moi-cinent» of (ho Tongue. — PnennogMCrio Nerve 
— its Origin and Distribation. — I'hBryngeot Branch. — Act of Deg- 
lo^tion. — SenEibilit; of the Pliaiynx. — Prolection of the yofltrils 
in DegluliCioD. — LBirngenl Brruichei of the Fnenmogutric — Tlie 
Glaliis — xa Movements in Respiration.— Protection of the Glottii 
in Daglutjtion. — Formation of the Voice.— Aeiion of the lArjnx. 
In the etiidy of the spinal nerves ne have seen tltat 
these nerves by their sensitive fibres supply sensibility 
to the Bkin of the body and limbs, and by their motor 
fibres communieatc the power of motion to the corre- 
sponding parts. 

141. Fnnctioiis of the Cranial Nenres. — Xow the same 
powers reside in the extenial portions of the head and 
face. The skin ofilieae parts is also sensitive, and their 
movements are varied nnd imi>ort<inl, Aeeordingly, 
they ara eupplicd with nerves similar in many respects 
to thoBfl connected with the spinal eord. But as the 
ner\'e8 of the head and face pass directly from the brain 
through openings in the bony floor of the cranium, they 
are diBtinguiahed by the name of the Cranial nerve*. 
In all there are twelve pairs of cranial nerves. Bat 
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BB Bome of these nerves are very peculiar in ihoir na- 
ture, and bare no relation with the external parts hxtt 
only witU the organa of the special aensea, we shall ex- 
amine for the present only those which are connected 
with the aimpler and more ordinary nervoua functions 
of this part of the body. 

The first of these functions is that of SensibUU;/. This 
power is highly developed in all parta of the face, and 
at the tip of the tongue ia more acute than in any other 
part of the body, being twice as great as in the ends 
of the fingers. The lips are also highly senaitive, and 
the eyelids, the nose, and the surface of the cheeks pos- 
sess the same property in a somewhat less degree. The 
most insensible part of the head is that portion of the 
scalp whtch ia covered with hair; but even here the 
Horface ia aafficicntly sensitive to perceive readily the 
contact of foreign substances. 

142, Fifth Pair of Cranial Nerves. — The senaibility of 
the face ia supplied by a large and very interesting 
nerve, which ia called the Fijihpair, Anatomiata have 
given it this name because, in counting all the onmial 
nerves from before backward, it comes the fifth one in 
the series. It ia also called the " trigeminal" nerve, be- 
«anae, after emerging from the base of the brain, and 
vhile still contained within the cavity of the akull, it 
dividea into three great and nearly equal branches. 
Joat at the level of this division the nerve haa upon it 
a rounded swelling or ganglion of gray matter, which 
ia called the "GoBserian ganglion," from the name of the 
anatomist who first described it. Its tlirecfold branches 
then pass through three separate openings in the base 
of the skull, and, running thence from behind forward, 
-«re distributed to tlic akin of the three difiereut regions 
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of the face. The firet branch passes upward to the fore- 
bead and the top of the head, the second to the middle 
portion of the face^ the nose, checks, and upper lip, and 
the third to the lovrer lip, the chin, and the adjacent 
parts. Baring their passage through the deeper tex- 
tures, the second and ng. «8. 
third branches also send 
filaments respectively to 
all the teeth of the up- 
per and lower jaw ; and 
ner\ona fibres are also 
sent to the tongue and 
the inside of the moulli , 
and nostrils {Fig- 48), 

Thus all the different 
parts of this region are 
supplied with sensibili- 
ty. The fifth pair, there- 
fore, is the great sensi- 
tive nerve of the face; , 
and it is on account of 
the delicate organiza- ui« *■""> !■«'' 
tion and minute ramification of this nerve that the sldn 
is here endowed with the sense of touch in such un- 
usual perfection. 

But when the fiHh pair is exposed to irritation from 
disease, its sensibility Is the source of exquisite pain. 
If a tooth, for example, be attacked by caries or decay 
of its hard snbstance, the suffering which it occAsions is 
of extreme severity. For every tooth is provided with 
a filament coming from the fifth pair, which penetrates 
its root from below, and there lies concealed and defend- 
ed by the hard covering of its crown. But wlien this 
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eovering becomes wseted or destroyed from any cause, 
then the slightest touch of the food in masticatioD, or 
even the contact of the air, produces au irritation which 
penetrates to the nervous tissue below. Every one 
knows how intolerable is the pain of toothache from 
this cause. When the injury to the tooth is excessive, 
le only remedy ia to extract it from its socket in the 
jaw. The nerve is then torn off at its root, and the seu- 
Udbility of the tooth destroyed. Afterward the wound- 
tissues heal over, and the pain is permanently r^ 

The fifth pair is also the seat of an extremely painful 
jkffection termed Neuraigift, Tliis is simply an irrita- 
tion of the nerve from some disease of its tissue. All 
the sensitive ner^'es arc liable to this affection; but 
Then seated in the nerves of the face, it is so much 
vaore severe than elsewhere that it has i-ecctved a dis- 
^ct name, and is called " tlo douloureux," or the " pain- 
fill spasm ;" because it seizes the patient in sudden twin- 
ges or paroxysm.1. The best protection against these 
troublesome aficctiona is to preserve the general func- 
tions of the body in a sound and healthy condilioa 

143. Motor portion of the Fifth Pair. — But there is one 
part of the fiiVh pair which presents a remarkable differ- 
ence from those which wo have thus far examined. This 
portion of the tliird branch, which accompanies it 
tiiroDgh its opening in the skull, but which has a differ- 
ent destination and different properties. All the other 
parts of the Hflh pair are sensitive in their character, 
and are distributed to the skin and lining membranes 
of the face. Tliis portion, on the contrary, is motor in 
character, and is distributed to muscles. Moreover, it 
belongs to a set of muscles which arc all associated in 
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ono function, viz., that of maBtication. The 

branch which supplies thcac muscles with motive )Kiwer 

is therefore called the Masticator n^rve. 

The muBclca of mastication are four in number on 
each side. The two larger and more powerful are, Ist, 
the Temporal, and, 2d, tho Maaseter muscles. 

Tlic temporal muscle is so called because it ia situ* 
ated in the temples. Its fibres run upward from their 
attachment to the lower jaw, and are spread out in a 
fan-like form upon each side of the head in front of and 
above the ear. Place tho fingers upon the temple, and 
then move the lower jaw upward and downward, and 
yoa will feel this muscle swelling and hardening at 
every alternate movement. It serves to press the low- 
er jaw against the upper, and thus to bring the teetb 
firmly in contact with each other. 

The masscter is a thick and strong muscle, situated 
at the back part of the side of the jaw. We can easily 
feel its movement in this situation during the process 
of mastication. Both these muscles act together, and 
in the same direction ; and they accorduigly move the 
lower jaw from below upward with great rapidity and 
force. 

But, during mastication, the lower jaw is also moved 
from side to side, in order to produce the grinding ac- 
tion wliich is HO essential for the comminution of the 
food. This latei-al movement is performed by two in- 
ternal muscles on each side, called the Pterygoid mns- 
cles, which are concealed between the inner part of the 
jaw and the base of the skull. Tliey are rather smaller 
than the others, bnt share with them the work of mov- 
ing the jaw ill mastication. 

All these muscles are exclusively animated by tho 
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motor branch of the Fifth pair. This branch is 
fore justly named the masticator norvc. 

144, Seventh Pair, or Facial Nerve.— But, beside ihe 
acta concerned in mastication, the face itself has very 
numerona and important movemculB. Its wholt bui> 
face is endowed with n mobility by which its exprea- 
Bion is constantly changed, and the varying emotions 
of the mind portrayed upon its exterior. The eyelids 
may be opened or closed ; the nostrils expanded or con- 
tracted; the lips drawn upward or downward, and their 
opening enlarged or narrowed. Tliese movements may 
also be combined with each other in a multitude of va- 
rious ways, BO as to change in a corresponding degree 
the external appearance and configuration of the face. 
They are therefore called the Mocementa of Expression. 
By their aid the face speaks a language of its own, 
and a language which ts easily understood, for every 
one comprehends its meaning by instinct. 

The muscles of expression are animated by a nerve 
which is called the Fucial nerve. 

The facial nerve originates from the side of the me" 
dnlla oblongata, and, after passing through a long and 
tortuous canal in the floor of the skull, emerges from a 
■mall orifice in the bone a little behind the external 
opening of the onr. It then curves forward beneath 
the gar, passes by several branches through the Bub- 
Btance of the parotid gland which occupies this situa- 
tion, and then, spreading out in various directions, is 
distributed to the mnscles vhich move the different 
jwrtB of the face (Fig. 40). 

The natural function of this nerve has already 
been explained. It is the nen-e of expression, and ctb 

les the countenance to assume those varied appea^ 
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Slices which indicate tlic 
ctiangea of mental i-in'>- 
tion. Like the fiflh pair, 
however, it i« also sub- 
ject to disease ; and, 
when affected in ttiis 
way, its natural func- 
tion is consequently dis- 
turbed. As irritation % 
of the fifth pair pro- 
duces pain, so irritation 
of the facial nerve 
produces convulsive 
Iwitcbings of the face, 
and an unnatural change 
in its exproasion. Tlie The r«i»i Ner*?. 

facial nerve may also bo injured, either liy accidental 
violence or by swclUogH pressing upon it in its bony 
canal. The result of this injury is a singular kinO uf 
paralysis, known as " paralysis of the face," This is nl- 
moat always confined to one side; bnt on this aide the 
face becomes devoid of animation, and remains passive 
and motionless. The feelings have no longer any in- 
fluencG upon its action, and the features cease to exhibit 
their natural changes of expression. 

145. Motor Herree of the Eyeball — Beside the facial, 
there arc three small motor ner\'es belonging to the 
cranium which do not appear externally, but go to ani- 
mate the muscles of the eyeball, within the orbit of the 
eye. They arc the third, fourth, and sixth pairs of cra- 
nial nerves. They provide for the movement of the 
eyea from right to left, or upward and downward, or 
for turning obliquely in their orbits. They assist in 
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'^lis way, to & certain extent, in the expression of th« 
'6cc. 

U6. Motor Henre of the Tongue.— There is etill an- 
other motor nerve which is distributed to the mnscles 
of the tofiffue. It is therefore called the "hypoglossal 
It conies from the front part and side of the 
'.mednlla ohlongatA, passes through an opening in the ad- 
jacent portion of the sknll, and then runs forward, deep- 
ly coDccaled among the tissues of the neck, until it ar- 
rives benoath the tongue. It then passes upward into 
the snbatance of the organ, sending ont branches and 
ramifications to all the muscular bundles of which its 
iij composed. It provides for all the varied move- 
ments which tlie tongue is required to perform, both in 
breaking and in the mastication of the food. 

The tongue, accordingly, like the other parts about 
the face, is supplied with a sensitive nerve and a mo- 
e. Its sensitive nerve is the branch which it 
receives from the fifth pair; and its motor nerve is 
the hypoglossal, which is distributed to its muscular 
fibres. 

But there are other nerves coming from the brain 
beside those which are devoted to sensation and volun- 
tary motion. The most remarkable of these is a long 
and very important nerve, tenned the Pneumogasti'ic, 

147. Pseuinogastrio Nerve. — The pncumogastric nerve 
Ib bo called because its final branches are distributed to 
(lie lungs and to the stomach. To reach these organs, 

wever, it traverses a long distance from its origin at 
the base of the brain, and passes successively through 
the neck, the chest, and the upper part of the abdomen. 
On account of this extended and varied course, so dif- 
ferent from that of the other cranial nerves, the older 
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anatomists called it tbe Par vagum, or tlit- " wandering 
pair." The namo wat well dcservcil. 

The pneumogastric takes its origin fi-om the eido of 
the medalla oblongata, by ten or fUlecn aeparaio fila- 
ments, which soon unite iuto a single nervous cord, an'l 
pasa, in this form, through a bony canal in the floor of 
the skull. It has "an abnndance of sensitive fibres of 
its own, and receives, beside, motor fibres by bi'anches 
which join it from the facial iien-e, the hypoglossal 
nerve, and others in its neighborhoocL At a short dis- 
tance from its origin it has also a small swelling or 
ganglion, Ukc the Gasserian ganglion of the fifVh pair. 
After emerging from the skull, it pursues its coorso 
downward through the neck, deejily imbedded in the 
tisBues, and in close company with the great blood-ves- 
sels of the part, and thus enters the cavity of the chest. 
During this passage it gives off three important 
branches. 

The first of these is the Pharyngeal branch. 

As its name implies, this nerve is distributed to the 
"pharynx," or the funnel-shaped muscular tul>e which 
receives the food from the back part of the mouth and 
conducts it to the cesophagns. The fibres of the nerve 
penetrate its muscular layers and lining membrane, and 
supply them both with sensibility and motive power, 

Tlie second is the Superior laryngeal branch. This 
is distributed to the lining membrane of the larynx, 
and communicates to it, as we shall hereafter sec, a sen- 
sibility of an important character. 

The third branch follows a remarkable course. It ia 
given off from the main trunk of the nerve in the lower 
part of the neck or just at its entrance into the cheat. 
It then, after continuing a very short distance c 



ward, returns apon its«lf, and, 
vessels at the top of tfa« <4»at, 
along the neck until it airiva 
at the level of the lar7iu,wk«!B 
it is distribated to the rarioss 
muscles of this organ. It a 
therefore called the In/erior 
laryngtal branch. 

This nerre has a singalar 
historical interest ; for it *as 
espeeially etodied by Galen, 
the most eminent pfarsiriaa of 
the Roman Empire in the >ee- 
ond centur}', who examined 
its properties, and di>coT««d 
its physiological eomiectioa 
with the function of the TOtce. 
lie called it the " recnrreBl* 
iietre, owing to its pectiliar 
course in re turning, as we have 
described, from below npwanl. 
It still retains (bb nanio, by 
which it is often designated at 
the present day. 

Thns the laryni is supplied 
with two separate nerves, both 
branches of the pneumogas- 
tric, vit, the superior laryn- 
geal, nhith gives sensibility 
to its linins membrane, and 
the mfcnor laryngeal, which Xtm.wiaiKiprtaripsfkaMb 



e power of motion. 
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"Hie inferior laryngeal braocli also gives filaments to 
the fEBophagUB lu the region of the nock. 

The pncuniognstric nerve, in its passage through tlio 
client, sends off numerous filaments, which penetrate iho 
lungs, and follow the i-atnitieation of the bronchial tubes 
to their termination in the air vesicles. To these or- 
gans it communicates :v peculiar sensibility, the impoi^ 
tanco of which we shall learn hereafter. It then en- 
tei's the abdomen, and ia there finally distributed to 
the walls of the stomach {Fig. 50). 

The upper branchea of the pneumogastrie nerve are 
connected with the mechanism of two most important 
functioDS, viz., that of Siealioioinff and that of Seapira- 
tion. 

1 48. Action of the Pceamogastric Nerve in Bvallowing. 
— As we have already seen, both the lining menihrane 
of the month and the surface of the tongue are en- 
dowed with ordinary sensibility of a high degree by 
the fibres of ihc fifth pair. But as the food passes to- 
ward the back part of the throat and into the pharynx, 
it meets with another sensibility of a peculiar kmd. 
Tills sensibility no longer gives rise to the sensations 
of ordinary touch, but it oicitoa at once, by a reflex ac- 
tion, the whole muscular apparatus of deglutition. Of 
those muscles the three most active are those which are 
called the Oonetrieton of the phari/nx, because they 
are wrapped round this canal in such a way as to con- 
strict or compress it successively from alwve dowu- 
wanl, and thus to carry the food through it in the same 
direction. 

This reflex action tates place through the pharyn- 
geal branch of Uie pncumogastric nenc ; its sensitive 
fibres receive the impression of the food, and its motor 
fibres excite the musdes to contraction. 
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It is for this reason that tJte actiaB attkm p 
in Btrallowing is inroltmtaiy. 
is going on, wc can vary or aneat ita bmvom 
will ; but vfacn once ttie food baa paaaed tfce MtisHi 
of the tliroat, and is ^irlj vitluB thit goi^ «f tke phar- 
ynx, these tnuscles close ipoD it fay reArx a 
cany it with a kind oT^numpdic n 
to tlie i£sophagii& 

But when foreign sabstaDcc* not fit far < 
arc bronght in contact vith tbe liiMig mieaAaa» «f 
the pban-nx, the oppoate effect m fntmetd. Ktte 
fi^thcr of a. quill or the ends of tbe fingo* fa* Ihntt 
backwan) inio ibe throat, tbe ii 
upon its lining memlTunc no l> 
meot of tm-ulluniug, but a i 
the muscles of the pharrnx ; mad if tfae ■ 
continued, the ipsopbaLgus and BtanaA at 
thize with the reaction, and may era fa* axdtfd t» 
Tomiting. Thus all the refl«^x actioM Me ao ■ 
that they provide for the natural a 
of tbe animal functions^ ^Vben tfae pn>|i«r M 
the lining membrane is pmentcd to it, the acrroaa 
system responds by an easy and natnral OKrrcneaC; 
but it revolts againM an annainisl •timHloi, and w 
jecta the u&'etiding substance by a *|iaflni>Mlic eflbrl of 
the muBcles, 

Uf). Protection of the Ifwtrils dnrinir DeglntiUoa.— 
There is still another point in the m(■l^lani^■^n ofde^n- 
tition which requires attention. 

If you look into the back part of the ibroat when K 
is illuminated by the sunshine or a strong gaa-ligfat. 
yon will sec that the cavity of the month i« partially 
8<>parated from the pharynx by a sort of muscaUr rnr- 




PHTSIOLOGT ANB 



taia or partitioo bunging downward from above, and 
attached on each side by double folds of the lining 
membrane. This is the Hanging Palate. Beneath it 
is the arched passage or doorway which leads from llie 
month into the pharynx, and from the middle of tiie 
arch hangs a soft conical fleshy appendage called the 
"uvula." 

Kow behind this hanging cuitaiii of the palate the 
upper part of the pharynx eommunicat^s with the nos- 
trils, and it is through this passage that the air enters 
in respiration when the mouth is closetL When wc in- 
hale any pungent oilors by the noatiils, we often feel 
them penetrate into the back of the throat by passing 
in this way with the inspired air through the posterior 
part of the nostrils and behind the hanging palate. 

Accordingly, when the food is carried backward from 
the mouth to the pharynx, it would escape npward into 
the passage of the nostrils if there were not some pro- 
vision to prevent it. 

But at the moment of deglutition the muscles on the 
two sides of the palate contract and draw together the 
arched sides of the passage, as the two halves of a cur- 
tain might be drawn together to elose the opening of a 
window. At the same time, the palate itself is stretch- 
ed backward like an awning, and shuts off in this way 
the comnnmieation between the pharynx below and the 
nostrils above; and the food, urged by the tongue from 
the mouth into the pharynx, and finding no paesase 
open into the nostrils, necessarily turns downwatti, and 
is carried into the ossophagus. 

All these movements are excited at ihe same time by 
the reflex action of swallowing. 

Secondly, the laryngeal branches of the puenmogw 
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trie ncn-c play a very important part in the ac 

150. Structure of the OlottiB and its UoTementB is Bes> 
firation. — The larynx, which is the commencement of 
tiie intchea and bronchial tubes, communicates with the 
front part of the pharynx by a narrow openiug or crev- 
ice, which we have already spoken of as the "glottis." 
Accordingly, the air, in respiration, enters by the mouth 
Bnd nostrits into the back part of the throat, and theuce 
pasacs into the larynx by the opening of the glottis. 

The structure of the glottis is as follows : The larynx, 

I we have already seen, is a kind of cartilagiuouB box, 
formed of various pieces connected with each other by 
articulations and ligaments. Its internal cavity is, for 
the most part, as spacious as that of the trachea; but 
just at its upper portion it is partly obstructed by two 
elastic bands of librous tissue, which arc termed the 
Vocai chorda. 

We shall hereafter see how important a function 
these chords peiform in the production of the voice, 
from which their name is derived. The vocal chorda 
are attached, side by side, at the front of the larynx, 
and thence run backward nearly parallel with eacli oth- 
er, thus leaving between them a narrow fissure, wht(;h 
is the opening of the glottis. All the space outside the 
Tocal chords is filled up by the lining membrane and 
muBclca of the larynx. If you wei"e to stretch two 
cords over the mouth of an empty barrel, and then lay 
a folded cloth on each side between the cord and its 
edge, you would have a tolerably correct idea of the 
ktomical arrangement of the larynx. The barrel 
Woald represent the larynx itself, the space between 
ihe two cords would be the glottis, and the tblded.] 
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cloth wouIJ occupy the eituatiou of the liniug mem 
briLue nud the muscles on each side. 

Now the opening of the giottis is too AaiTOw to *d- 
nut the air in sufficient qnantity to the lungs, since its 
capacity is only about one third as great aa that of the 
trachea. >low is it, therefore, that the luuga are filled 
through this constricted passage? 

It is because ttie laryt)x is movable and takes part in 
the acts of reepiratiuo. Every time the chest expands 
to inhale ti>e air, the glottb opens to admit it; and a 
series of alternate moTciaents of expansion and collapse 
are thus perfoi'Uied by the glottis simultaneously with 
those of the ohest and abdomen. They arc accomplish- 
ed in this way. 

At their posterior extremity the vocal chords are at- 
tached to two small triangular cartilages, which are 
connected with the reel of the larynx by an articula- 
tion or joint at their inner angle, Tliese arc called the 
Arytenoid cartitaffes. Their muscles are so arrantied 
that they may be tnnied or rotated upon their aiticula^ 
tions, 80 as to move the vocal chords outward and thus 
separate them from each other. Very much in the 
same way a bell-cord is sometimes attached to the wire 
by a triangular brass plate, which turns upon a hinge 
at one comer; and when the cord is pulled downward 
the brass plate rotates npon its hinge, and draws the 
wire with it in the same directioD. Accordingly, when 
both the arytenoid cartilages move at the same time, 
the vocal chords are stretched and separated from each 
other, and the opening of the glottis between them is 
widened to adroit the passage of the air. 

The movements thus performed are called the Jitt" 
piratory MovemenU of the glottis. They ar 
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Fig, 81. 
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Fig. 51 


Flg.Bl. Lorrnl .lew*d fcom aboye, FIe. M. 8«««. wllb glMliB opened ; I. 
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eat npon the inferior larynp;eal branch of the pneomo- 
gflstric neiTG, which animates tlie rausclea of this part. 
Bnt, beside its power of motion, the glottis is en- 
dowed with an exquisite and peculiar sensibility, which 
IB essential to the safety of life. 

So long as it is only air which enters the larynx, the 
natural movements of the part are performed with ease 
and regularity. But if any foreign substance, such as 
a crumb of bread or a drop of water, happen to get be- 
tween the Tocal chords and seek to gain entrance into 
itbc trachea, the lining membrane of the larynx at once 
leela an irritation which excites all the muscles in its 
neighborhood to an active and determined resbtance. 
They close the orifice of the glottis with a convnlsive 
movement, and the foreign substance is at last expelled 
by the spasmodic efforts of coughing. This peculioi 
sensibility of the larynx is dependent npon the superior 

_ laryngeal branch of the pneumogastric nerve, distrib 

ft -nted to its lining membrane. 

H This nerve, accordingly, is the safeguard of the glot- 

B tia. It stands like a Bentmel at the enlrsacc of the ail 
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paasagesj to give notice of the intrusioa of any (braign 
aabstance iuto the longs, and thas protect theiu sguofit 
injury from without. 

Another very important point iii tlie history of the 
larynx is its connection witii the act of swallowing. 

151. Protection of the Olottis dnring Des:latitioii. — As 
Se have seen, the glottis coinmunicalea witli the phar- 
ynx. But it is through thin passage that all the food 
passes downward to the stomach. How is it, therefore, 
that it does not fall into the larynx, and thus produce 
strangulation every time the act of swallowing is per- 
formed ? 

FirBl of all, it is because, at the instant the food is 
about to be swallowed, respiration stops. There are 
various nervous actions in the body which are said to 
be "incompatible" with each other; that it;, they can 
not be performed at the same time. Thus wo can move 
the two hands over and over in a circle from behind 
forward, in front of the body, either alternately or to- 
g-'ther; but we can not move one of them from be- 
hind forward and the other from before backward at 
the same time. Some inexplicable interference of the 
nervous system prevents it; so that, though the two 
movements may easily be performed separately, it is 
impossible to perform them together. In the same way 
we can turn the two eyes to the riglit or the left to 
gether, but we can not turn one of them to the right 
and the other to the left at the same time. 

Now there is a similar nervons incompatibility be- 
tween the acts of swallowing and inspiration. It is a 
necessary preliminary to the deglutition of the food 
that respiration be suspended. Tlie consequence is, that 
the glottis IB not opened as usual, but remains a narrow 
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^ink, offering but little opportunity for tlie entrance 
«t'the food. 

Nevertfaelees, Uiis accident sonietimcs happens, and 
every one knows the distress which is occasioned by 
I the smallest particle of food getting entangled in 
this way in llie larynx. Whenever it occurs, we sliall 
always find that the difficulty is caused in the same 
way, namely, by a sudden inspiration taken at tlie mo- 
ment Klun t/te food is being swaUoiced. We can not 
take Bach an inepimtion voluntarily; but it is some- 
times produced by a sudden impression upon the senses, 
as of an unexpected sight or exclamation, or excitement 
of any kind. The nervous system is then, as it were, 
taken by surprise; its natural operation is disturbed, 
and a quick inspiration opens the glottis and sucks the 
fi>od,with the air together, into the cavity of the larynx. 

It ia evident, therefore, how carefully all sources of 
bunyordistarbance should be avoided during the mas- 
tication and fiwallowing of the food. Ttie meals sliould 
be token qubtly, and no sudden intcrruptionn of an cx- 
(Mting nature be allowed while they arc going on. With 
children especially, where the nervous syst«m is highly 
impressible, these precautions should be constantly ob- 
served ; for such an accident is always alarming, and 
may easily be fatal in its results. 

But the protection of the glottis in deglutition is also 
provided for by Xaturc in other ways. 

If we place tlie finger upon the larynx in front of the 
throat, and then go through with the movements of 
swallowing, we sliall find that at the instant of deglu- 
tition the larynx is drawn rapidly upward beneath the 
base of the tongue. As the base of the tongue is at the 
e moment thrust backward, it tends to cover the 
M2 
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opening of the glottis, and stilt farther to obstmct its 
entrauce. Furthermore, the lower constrictor muBclci 
of tlie piinrynx are themselves attached on each side to 
the lateral portioDS of the larynx, and from this Bitua- 
tiou they encircle the pharynx behind. Now it is these 
tnuHCica which act in deglutition ; and at the same mo- 
ment that they compress the pharynx they necessarily 
draw also by their attachments upon the larj-nx, press 
its two sides more closely together, and thus shut np 
completely the orifice of the glottis. Uy the combined 
operation, accordingly, of these various movements, the 
glottis, vhich is opened in inspiration to admit the air, 
te securely closed in deglutition during tlie passage of 
the food. 

152. FroduoUon of Vocal Sounds in the Larynx. — The 
last function of the larjnix is the JbriiKttion oftfit Voice. 

For the larynx is a musical itistruuient. It is here 
that all the vocal sounds ara produced, and modnlaled 
from the higher notes to the lower, with all the altera- 
tions of tone that give variety and expression to the 
voice. These sounds are divided into vowels, conso- 
nants, and words by the motions of the lips and tongue ; 
but the voice itself is formed in the larj-nx by the ao- 
tion of the vocal chords. 

Sound is caused by a vibration ; and anybody which 
is capable of \ibraling will produce asonorons effect. 
Thus a violin-string, when snapped by the fingers or set 
in motion by the bow, gives out a note which ia higher 
or lower according to the rapidity of its vibration. To 
do this, however, it must be tenee oikI elastic. If it Iw 
loose and flexible it is incapable of vihi-ating, and con- 
eeqnently can not produce a sound. The same string 
also will give out a deep sound when it is moderate 
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tight, snd a more acute one when it U stretched to a 
high degree of tcnsioii. In a flute or a trumpet, the air 
itself, which is always elastic, is thrown into vibration ; 
and the eonnd which is produced varies with the width 
of the opening and the length of the colarnn of air con- 
tained in the instrumenL In an organ-pipe the reeda 
ai-e first made to vibrate, and they then set in motion 
the columa of air above them. The long and wide 
tubes thus give a deep sound, the ehort aod narrow 
tubes an acute one. 

The formation ofthe voice in the larynx is somewhat 
Mmilar. The first peculiarity to be noticed is that </« 
voice i» formed during expiratioti and not during inspi- 
ration. We always speak while the air is passing out 
through the larynx, and never while it is pasMDg in- 
ward to the lungs. We drive tlic air forcibly through 
the larynx to produce a sound, just as we blow it 
through a horn or an organ-jMpe for the same purpose. 

Secondly, when the voice ia to be sounded, tite vocal 
chorda are drmcn togHher and tightly stretched. In or- 
der to prodi>ce the necessary vibration, the orifice of 
the glottis must bo narrowed, and the vocal chorda 
thrown into a state of tension which will enable them 
to move rapidly like the strings or reeds of a mnsical 
instrument. Then the column of air passing between 
them is itself thrown into vibration, and thus produces 
the vocal sound. The note sounded by the voice wilt 
therefore be high or low.acnto or grave, as the vocal 
chords are more or less tightly stretched, and as the ori- 
fice ofthe glottis ia narrower or wider. In sounding a 
low note, the glottis is left comparatively open, and the 
vocal chords are loose ; in a high note, the vocal chords 
Rre tightened and brought nearer together, so as t^ 
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diminisli the orifice of the glottis to its uarrowcst d^ 
mcnBions. 

Finally, the laryux is raised and lowered during the 
formation of difl'ercnt sounds. If we place the finger 
apon this part, we shall find that when the lower notes 
ire aonnded it is drawn down toward the chest, while 
iluring the formation of scute sounds it is carried forci- 
bly upward. Thus the two columns of air above and 
below the glottis, in the trachea and in the pbarvnx, 
are lengthened or shortened, and widened or narrowed, 
SB the sounds emitted by the laryns vary in characur 
and tone. 

All the movements of the glottis in the fonnation of 
the voice, as well as those connected with respiratior, 
depend apon the inferior laryngeal branch of the pneii- 
mogofitric nerve. 

153. Diatribation of the Pnenmo^tric to the Lungs. 
• — The lower portion of the pneumogaatric nerve also 
Bends branches to the lungs. These branches fonn a 
plexus or network at tlic back part of tlic lungs by di- 
viding and again inosculating with each other, and 
from this plexus their filnmcnts penetrate into the tis- 
BUe of the organs, following the successive divisions of 
the bronchi and bronchial tubes (Fig. 50). Tliey are 
distributed to the lining membrane of the bronchial 
tubes and the pulmonary lobules, and comrouDicate to 
these parts a peculiar sensibility by which they arc en- 
abled to perceive the condition of the air contained in 
the air vesicles .nnd of the blood contained in the capil- 
lary blood-vessels. Accordingly, when the air becomes 
contaminated, these filaments receive the impression of 
its impurity. The pneamogastric nerve thus presides 
ever the oondition of the air passages throughout thwt 
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a the Stomach. 1 



<»ureo, from the opening of the glottis to t 
tioii of the pulmonary vesicles. 

1 54. Distribation of the Fnenmo^aatric to tl 
— Finally, tbo last branches of the pneumogaalric ncrvo 
are distributc'd to the stoiiinch. Here, as elsewhere, tho 
nerve contains both sensitive and motor fibres. The 
sensitive fibres are distributed to the hning membrane 
of the stomach, the motor fibres to its muscular coat. 
Here there is alao a peculiar sensibility, followed by a 
reflex action. For the lining membrane of the stomach 
is not endowed with ordinary sensibility. It does not 
feel the contact of the food as we could feel it with the 
fingers or the lips. But we know that when the food 
passes into the stomach, its presence excites tho *' peri- 
staltic action" of the muscular coat, by which it is moved 
istanlly from side to side, mingled thoroughly with 
I the gastric juice, and finally carried onward through 
the pylorus into the intestitie. This important move- 
' ment is entirely involuntary, and is performed usually 
i even without our knowledge. It is a reflex action, ex- 
I cited by the peculiar sensibility of the lining membrane 
t of the stomach, through the sensitive fibres of the pneu- 
I mogastric nerve, and conveyed by its motor fibres to 
I the muscular coat of that or^an. 

The pneumogastric nerve, accordingly, controls tho 
condition and actions of the upper part of the aliment- 
i ary canal, from its commencement in the pharynx to 
[ the pyloric extremity of tho stomach. 

Thus the cranial nerves, by their motor and sensitive 
filaments, preside over the sensibility and movements 
of the face, the functions of mastication and degluti- 
tion, the peristaltic movements of the stomach, the re&- 
laratory and vocal movements of the glottis, and the 



whole extent of the 
luDgs. 
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QUESTIONS FOR CILAPTEB XIT. 

1. What ara the craTiia/BOTeir 

2. How many pairs are there of cranial nerves ? 

3. Wliat nervoiu functiuD is highly dorelopeil in the (kin of the 

4. At wbal part is aensibility more acuta than elsewhere? 

5. By what nerve is the face Bajiplied with seiisibiliiy? 
0. Whyii itcallod tha'-X/M/'uiVf" 

7. Wby is il called the Irigvmiml nerre ? 

8. What in the Gaiieriaa gaagliim, and where situated? 
!). How are the throe great branches of the fifth pair distribotedf 

10. What eflbcl is produced by an; irritation of the fifth pair? 

11. Wliaiis the cause of looIlmcheT and in what nen'c is thopain 
rituaicd? 

13. What becomes of tlie nerve when the tooth is 

13. WTiat is nairat-jint 

14. minlnnniB is given to neuralgia of ihefcceF Why? ' 
I'l. Which branch of the lifth pair is accompanied by di 

l<i. ^VIul[ name is given to the nene containing these filamenu? 
ir. Why is it called the nailicalar nen-o? 
18. What are the muscles of mutication ? 
in. What is the siluatioa of the If mjiornl lau 

20. AVhat u the direction of its fibres? 

21. Wbat is the oclioD of this muscle upon tl 

23. Whcro is llie mniieler muscle siEiuited ? 
S3. Wliat is its action on tlie lower jaw? 

24. What other musclea take part in 
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I. niiere are the pterygoid muscles situated? 

1. What movements of ihe jaw arc produced by them ? 

'. What other movements arc pcrfimoed by the face ? 

I. By what nerve are tlie muscles of expression ""'"'■fd 

I. Where does ihe facial nerve originate? 

', Where does it pass through the floor oftbo sknD ? 

. What is its subsequent course and distribution 7 
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as. Is Ibe fiidiil nerro a leaull 

33. What effeci is produced oi 

34. Whiil neries proride for the nravemcnts ot the ejeliuU ? 

35. Whut ncn-e supplies the moBcles urtlie tungiie? 
SC. What is tbc pDeumogwlric nen-e, nnd what is its final distil j 

[ S7. What other nrnne i» f^ren to this nen'e, nnd why? 

ffl. Where doe* ilic iiiieumognsiric nerve origiiiRlo? 
1 SI). l>oei it contninxtlibitive or motor fibres, or both? 
I 40. Wlience Joes il dorivo i;* motor fibres? 

41. In whnl dirtniiuii dow it jmss nftcr emerging from the 
[^theskaU:' 

4S. Whnt is the first hrnnd> of ttie pneiunognstnc nerve? 

43. Ta what i>rgan is the plinrjtigenl bninrh disiributed? 

44. What properties does il fommunivato lu the pharyox? 

45. Whnt tnu brunches are dif tribulod to ihe Inrt/ai T 

^^6. what is the peeuliaritj' in llie course of the infmor htri/ngm, \ 
imHi? 
47. ttliat name was gii-en to tliis nen,-e bj Galen ? 
48. What property is corotminioiletl to (ho Inrynx by the mprr^ I 
largageal Bvne'i by tbe inferior bkr^ngcal ii' 

A'J. To what other organs are the branches of Ihe pDeamoga<tria ^ 
distributed I 

. With what two important functions are the npper branches of I 
ineDinognstric nen-e connected? 
[ III. Docs the pharynx poMCBS ordinary senaibitity? 
^ fiS. What reflex action is prodnceil by the sensibility of Ihe phar- 



nlloning voluniaty or in 
of the phiiryns with for« 



I S7. Wbat i> the kangini; pnlnlt f \\liat is tbe 'imb f 

. What Often paaangc is ihoi-o bcliind the haiienrig pidnie ? 
. How is the food, in swallowing, pTevented from escaping in 
IB back part of the nostrils? 




60. Where Uocs the tarrnx comraonicate mth tlie p1 

61, What nra tlie rocnt riordef and whcic oi 
{>2. What h the opening left between tliem? 
G3. What is the uxe of the opening of Ihe glottis c 

IbDt or the trschua? 

{SI. What movement lakes place in the glottis it the rime of inqx- 
rnlion ? 

G.'i. To what are the poBtoHor ends of the vocal chords aiiadied? 

Gt), III whHl direction can the arytenoid cartilages move? 

(iT. What effect ha> tbie motion n the vocnl chonk ontl the open- 
ing ofihe^otiis? 

(IS. What is the object of the opening of Ihe glullis in ineiuralion T 

('.!). What name is given to these movemenisofilie glottis? 

70. Wlint is the pecoliarit]' in llio ttntiblllly of the glottis ? 

71. What effect is produced b; its irritution wiib a furmgn tob- 

T2, What protecli™ action does ilie superior loiTiigcal ncrvo exert 
over the air passages and lungs? 

73. Ilow is the food prevented from passing into the lalTilx in iml- 

II. Why can we not swallow at the moment of inspiraiion ? 
7o. Mention other examples of "incompatible" movemeiila. 
70. How in it tbut jiarliclcs of food somelimci fiUl into the laiyu 
in snaltowing? 

77. What prccontions should be taken to prevent this accideiit ? 

78. How docs the action of Ihe coHttriclon o/ the pharynx aem to 
prevent the food passing into the larynx 2 

79. What other function is performed by the laryiucT 

80. How is aound produced ? what gives ibe vibration in stringed 
InBtmmenls? 

81. What most lie the condidon of a cord in order that it may vi- 
brate so OS to produce a sound ? 

83. When does the same card give an ocnte sound, and when a 

deep sound? 

B3. What ^TC9 ibe vibration in wind instroments t 

St. Whnt lubes give an acute soimd, and what a deep found t 

S.'). la Ibe voice prodnced in inspiration or in expiralian ? 

66. What is the condition of Ihe vocal chords wbea the Tiuce b 

sounded? 
B7. What is their condition in sonnding a high note? 
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8dL What in Bonnding a /bio note ? 

89. Upon what nerve do the vocal movements of the glottis de* 
pend? 

90. What is the distribation of the pneomogastric nerve in the 
Umf^sf 

91. What kind of sensibility does it communicate to the longs? 

92. To what oigan are the last branches of the pneomogastric nerve 
distriboted ? 

93. To what part of the stomach are its sensitive fibres distriboted ? 

94. To what part are its motor fibres distriboted ? 

^5. What reflex action of the stomach takes place through the 
pneomogastric nerve ? 

96. Name the various functions presided over bj all the crania] 
aerves. 
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Fonn of ihe Bruin — iis Analomical DimiDnt.— ModnlU Obtoafati. 
— Cerebellnm. — I'nns Vdrolii. — Tuber Annnlafe. — Cerebnun,— 
Fnnctiani of [he Cerebrum. ^MemoiT. — Jndgmeni. — Keuaon. — 
Effects of Injaty to ihe Cercfanitn. — Functions of the Tuber An- 
nnlBTe. — Senwliun and Volition. — Instinctive MoTGinenls. — Auc- 
tions of iha MciIuIIb Oblongnta. — Motemenls of Respinilion — how 
perfurmed.— Keflex Action of Medulla Oblongata. — KfTecls of In- 
jury to Medulla OUungota. — Diflcrcnl kinds of Boflcx Action in 
ibe Bntin. 

165. The Brain is the great Tnass of ncrvotts snb- 
elancc which occupies the cavity of the skulL It is 
composed of various collections of gray matter, or 
ganglia, which arc united irith each other and with 
the gpiiial cord by iiumerons hnudles of white nervou 
SbreB. 

The brain, like the spinal cord, is double. It is lormed 
of two great lateral masses which lie side by side in the 
ekiill, separated in fi-oiit and above by a deep fiiirow or 
fissure, but connected beneath by Ihe continuation of 
the nervous substance. It is also separated by tnuw- 
Torse furrows, and by certain differences in structure, 
into tlireo principal divisions, varying in size, appear 
ancc, and situation. Tliese are the Certbrum^ the ft» 
deUum, and the MeditUa oblongata. 

150. Hedalla Oblongata. — ^When the spinal cord en- 
ters the cavily of the crauiuni by tlic great forumoi 
aituated at the base of the skull, it expands, as we hsvo 
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lentioneil in a previous chapter, into a n-iden(?<I oblong 
iiBs, which Etill prcscrrea the gCDcral external Bp[>ear- 
ance of the spinal cord. Tliis is the Medulla oblongata. 
Its increased widtli is partly owing to its fibres begiD*>l 
ning at this point to turn and wind obliquely in vari> I 
nus directions, but also to the fact that an im|iortanfe j 
mass of gray matter is heTO bnricd in its substance^ J 
known as the "ganglion of the medulla oblongata.'*'! 
Nearly all the cranial nerves also take their origi 
from this part, or its immediate neighborhood, a 
their fibres accordingly are added to those > 
from the spinal cord. Like the spinal cord, therefore 
the medulla oblongata consists of a collection of gray 
matter, co\ ered and concealed by the white fibres upon 
its onter surface. 

157. CerebeUnm. — Above and behind the medalU-J 
oblongata is the C&rebeUum. This is a much 
ftliKrvous mass, and is instantly distinguished from those 
l^luch have prctredcd by its peculiar appearance and 
fucture. Its outside is composed, not of white, but 
If gray I]e^^'ous matter, and this nervous matter is ar^ 
mged in almndant nari-ow lamina or convolutions, fot 1 
B most part running transversely, and closely packed, ' 
! a gray cloth or shawl fohUd in many layers. In ' 
k interior, on the contrary, the cerebellum is composed 
f white substance. The columns of the spinal cord, 
while passing through the medulla oblongata, give oflT 
pomo of their fibres; and these fibres, turning obliquely 
upward and backward, spread themselves out in the 
thicluiesg of the cerebellum, and finally come into con- 
nection with the gray matter npon its surface. 

Beside this, the two lateral halves of the cerebellum 
> connected with each other in a remarkahlo way. 
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From the whole inner i^iir&cc of its gray matter there 
stnrt on each itidc a mnltitude of white nervoua fila- 
ments, which ]>nsa downward and forward toward its 
centre, gradually approaching each other, and uniting 
into a flattened bundle of parallel fibres. This ribhoo- 
shaped bundle then emerges from the lower and front 
part of the cerebellum, curves round the base of the 
brain just in front of the medulla oblongata, and then 
returns upon the opposite side to spread out ag^ain in 
the substance of the other half of the cerebellum. 

Thus this mass of nervous fibres, spread out at their 
two extremities, but united into a parallel band at their 
middle, form a transverse communication between the 
right snd left udes of the cerebellum. 

In its middle portion, where it encircles the base of 
the brain in an arched fonn, it is called the " Pons Va- 
rolii," or the " Bridge of Varolius,^' because the fibres 
of the medulla oblongata, in continuing their coarse, 
pass underneath it, like a river under a bridge. 

158. Tuber Annulare.— Now where the fibres of the 
medulla oblongata pass under the pons Varolii, another 
deposit of gray matter is found in the interior of the 
mass. This collection of gray matter within, together 
with the prominence of the pons Varolii on the outside, 
gives to this part of the brain the appearance of a dr- 
cular or ring-like protuberance. It is therefore known 
by the name of the Tuber annulare; and the gray mat- 
ter in its centre i» called the "ganglion of the tuber an- 
nulare." 

Beyond and in front of the tuber annulare the fibres 
coming from the spinal cord and medulla oblongata 
pass upward and onward in two great rounded bun- 
dles, which are called the " peduncles of the brain." 
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They have received this name because tlie two halvi 
of the brain arc sapported npon thege peduncles, like a 
flower npon its stem. Their fibres, niiining continnal- 
ly upward, immediately after they have passed the 
level of the cerebelhim spread out in a fan-like form, in 
front and behind, to the right and the left, and t 
finally terminate in the gray substance of the < 

159. Cerebram. — The cerebrum is by far the largeil 
of all the nervous masses contained within I 
It overlaps all the remsinlug parts, in front, above, and! 
behind, so that they are covered by it as if with a kindiV 
of vaulted roof or dome, Tlie outer and upper part of I 
this dome is formed of gray matter, fiilded and convo- 
luted in innumerable dii-eetions; its interior is formed 
mostly of white substance, vis., the fibres which, as wc 
have already seen, pass upward from below, and thna 
connect this principal part of the brain with the medal- 
and spinal conL The two halves of the cerelimm 
also connected, like those of the cerebellum, by a 
great bundle of transverse fibres, converging from the 
gray matter and passing from side to tide; only this 
transverse band does not emerge from the brain, like 
the pons Varolii, but remains concealed and itnl>cdded 
in its substance. 

At the base of the cerebram, on each side, th<;r 
also two other deposits of gray matter, one in frunt nn4l 
one behind, called respectively the "striated l>odi<^l 
and the "optic thalami." These ganglia form a jiart of tbf a 
substance of the cerebrum, and stand, ax it were, nt i 
entrance or gateway, through which the fibre* from tut 
low pass upward tu its snrTRCc (Fig. 53). Tn thi- i 
e cerebrum also, beneath the folded c<r 
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ing of it« gray matter, there are pillam, and vruIis, aiiH 
curtains, aiid gallerieii, and passage-vays, and many vn- 
ried details of anatomical fttructiire. too complicatetl for 
minutfl description. Klany of these anatoinKiLl parts 
have uses which ara Btill unknown to as; bnt we arc 
acquainted with the stnicturo and fiinctioue of the prin- 
cipal mass and its eounection with the other poriious 
of the braiiL 

160. Functions of the Cerehmm. — The cerebrum is the 
organ of the mind. By that we mean that it is tliis di- 
vbion of the nervous system through which the uitcl 
lectaal powers communicate with the body. Tteosoii, 
judgment, memory arc the mental faculties whose op 
emtion is connected with the fimction of the cerebrunu 
We know this because, when this part of the bnun is 
injured, it is these faculties which are impaired, and 
when it is deficient they are absent to a corresponding 
degree. Whnt is the nature of these fiienliics, and 



lOT do tbey numileM Uiifirhca t 

' of the brain? 

The simplest and most fiwifwtliU «f d 
is that ofJ/onory. Thi* fteoltj fin attlKtHbaf d 
mental improTement, and eres the mb^bm aMAeoaid 
operation would be UBpoanUe w i ifc— » iL Bf it aha* 
TO are enabled to rata the naMcx of thiaga ^ki ifce 
meanlag of TOfds, so that ve eaa wntc aad flfcaL 
Nearly all oar actions are gnded hf whf hw tabs 
place before, and iberefore, if we had as B^aaiy, vatt 
of our acts woald be ca pr icio ai aad aanaaiaaUe. A 
deficieacy of memory is the iaitk<» imBalitm t^ntmcf 
in childrcD,aDd it is aa»oooa^vtlktWWmLldtmhi> 
altjr that sncb children caa aot Ian to Mai^aad aa 
many cases can not eren ti 
is also the most un&i 
part of the brain. When a 

I ing on, an nnusnal fitrgetlalDeaa is i 

Ltoms which are maaiftalcd; maAmmtmfmmamt^t^ 

p Jbctions of the brain it gndaalljr iacMaM^ aadl Aa 
nwer of recollecting em Ihii iliji irf'ihi aist m ifcii 
rents of the day is piiiasmallj lost 
The ncit important ialtUtclaai bcslty i^^fadj^MK. 
By this is meant the power ef appereiatiag tW %nm 
importance of tfaiiq^aad the reb tinwa i4tammamA.t4- 
fecA. Apcrstm whoiadt 6 eiaitinUya w a p<« iaB »l 4 « 
to pay too mnch attentkw to t hi a ga vUdi aim «f liule 
consequence, and to neglec* Ukoae wUdl an faafly ia^ 
portanL Be is also n ~ 
pens at one time is ca n s e d by a 
preceded. He knows only that the two evcwu h*r* 
happened, but be does not we what ia the mtmittiin 
Mtween them. Accordingly, it ■■ of ao ase tofMaMk 
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fuj idiot, because he does not undpretiuid that the pan- 
ishmenl is a conBeqiiencc of what he has done before. 

Finally, Jieason is the fuculty by which we compare 
the causes and consequences of things in snch a way ss 
to gnide our actions. "We can thus use the information 
acquired by memory and judgment to avoid difficulties 
and obtain success. An unreasonable pei'son, therefore, 
is one who does not use the proper means to accomplish 
his purposes. This is characteriBtic of idiocy and of 
some kinds of insanity. 

All these mental faculties are liable to be developed, 
to a greater or less degree, in difTi'rent persons, or even 
in the same person, at differont ages. Like the sensi- 
bility of the skin, they are sometimes acute and some- 
times feeble. They are always diminished when tho 
cerebrum is injured, even though tho other functions 
of the nervous system may remain entire. 

Xow all acts which are of an intelligent nature re- 
quire this operation of the mind ; the simplest, as well 
as the most profound and complicated. For instance, 
we feel that the air of a room is cold, and we accord- 
ingly shut the window. This is a reflex action of the 
nervous system. The beginning of it is the scnsatiou 
of cold; the end is tho voluntary act of closing the 
window. But between the two thci'c is an Lntellectttal 
operation, by which we understand the cansc of our 
sensation, and how wo may remove it by tlic voluntary 
act. This mental process is especially connected will) 
the function of the cerobnim. 

160. Fnsotiona of the Tuber Annulare. — The ne.tt 
fimction of the nervous centres which wo shall study 
is tlie double fimction of Setisation and Volition. Wi^ 
have already spoken of iheao faculties in comiectioti 
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Bthe Benaibility and power of motion in tho epinal 
BB. Bnt we have found that these orgatis only 
serro as conductors, and thai the real functions have 
titeir Beal in the interior of the brain. 

These facalties, however, arc not Bitiiated in the cer» 
bnim. The substance of the cerebrum is not oven sen- 
sitive ; and, provided no other parts of the brain be in- 
jured, it may be cut or lacerated in any way without 
producing pain, as has often happened in accidents and 
sai^ical operations. Physiologists have seen reason to 
believe that the powers of sensation and volition are 
located farther down, in the gray matter of the Tuber 
annulare. What is the nature of these functions, and | 
how are they connected with each other? 

A complete sensation is always accompanied by coa- 
scionsncss. Tliis tB very different from the mere nerv 
OHB impression received by a sensitive nerve. For the 
nerve itself does not feel, it Only conducts the imprea* 
sion ; and the sensation is not perceived until it arrives 
at the brain, where consciousness resides. It is the gan- 
glion of the tuber annulare which thus receives the im- 
pression conveyed by the nerve, and instantly converts 
it into a conscious sensation. 

This ganglion is also the seat of volition. By tliia 
1 we understand that nervous action by which we ' 

mmand tho muscles through the influence of the wilL 
I command is transmitted by the nerves, but its 
in the brain. 

Now volition is entirely distinct from reason. The 
intention or desire to perform an act is a different thing 
from its positive execution. Even when we have al- 
ready dctermijied to raise tho arm or to advance a step, 

lere Btill remains a nervous process by which the mv» 
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cles are actually set in motion. This procefts is tbt let 
of volition, and any movement so perlbrmed is called a 
" voluntary" movement 

But there are some voluntary acts which are per- 
formed iDde|>endently of the mind. They have nothing 
to do with memory or judgment, and are executed in- 
stantly whenever wo receive a particular sensatioiL 
This is the nature of all those acta which are pe^ 
formed by itigtinct Thus the sight of a threatening 
ohject inspires terror, and we immediately endeavor to 
escape or defend ourselves from it. The sense of hun- 
ger leads UH to take food; but this is simply because 
we desire it, and not because we reflect that it will no1l^ 
ish the body by the process of digestion, still less he- 
cause we remember how this process is accomplished. 
All the actions of this klud are voluntary, but ther do 
not result from any reasoning power which precedes 
them. They .ire guided by a blind impulse, iu which 
we recognize only the sensations which we receive and 
the desires which they excite. These instinctive and 
voluntary movements are performed by the reflex ac- 
tion of the tuber annul.ii-e. 

161. Function of the Medulla Oblonpata. — There is 
another reflex action taking place within the brain 
which is more important than the rest, because it is 
more immediately essential to the continnance of life 
It is that which presides over the movemeiita ofrti^ 
ration. 

We have not yet learned why these movements take 
place. We have only seen that they go on with a con- 
tinued and harmonious action, the chest rising and fall- 
ing with unfailing regularity, and the diaphr^m kcej^ 
iag pace with it in alternate contraction and relu 
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t these moTGmenta are neither intentional 
intary. They are not the result of any effort of the 
reason, for they are performed in the same way by 
iiliota and by animals as by persons of mature years 
and the lughost intcliigencc. Neither are they direct- 
ed by the will, for they go on when we pay no atlen- 
tion to them and during sleep, as well. as at other times. 
And in cases where the brain is extonsiTely injured by 
violence or disease, when all the mental powers aro 
abolished, and even volition and consciousness are sus- 
pended, the movements of respiration will often con- 
tinue with the fiame undeviating regularity as befoi*. 
The whole mass of the cerebrum and the cerebellum, 
and both the white and gray substance of the tuber 
annulare, may be compressed or destroyed without ar- 
resting this necessary function of life. 

There is, however, another [wrtion of the brain con- 
cealed in the posterior and lowermost region of the 
sknll, which is smaller than the rest, but, at the same 
time, the moat important of all, for it presides directly 
over the process of respiration. This is the ganglion 
of the Medulla oblongata. 

When the other parte of the brain are injured, vari- 
ous ner>'0U8 and mental functions are impaired or 
abolished, but life itself continues. Wlien the medulla 
oblongata is destroyed, respiration instantly ceaacK, and 
life at the same moment comes to an end. 

Accordingly, Nature has provided for the safety of 
this most important ganglion by burying it deeply un- 
der the remaining maaa of the brain, and thus secur- 
ing it from external violence. A blow upon the head 
which fractures the upper part of the skull may tear 
^tlie substance of the brain and produce loss of memory 
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And uncoiisciouBiicBS, but it seldom or never poDCtrxti^a 
lo the medulla oblongata. Neither can tbia part be 
easily reached from below, for it reets upon the base of 
tho skull, exactly above the Buniinit of the spinal col- 
umn. Even an internal apoplexy usually aRbcta only 
tho upjier or middle portions of the braiii. "When it 
attacks the medulla oblongata, death Is certain and im 
mediate. 

Sometimes, when the spine U fractured very high up 
just at the level of its junction with tbf skull, the bro- 
ken pieces are driven into the medulla oblongata and 
lacerate its substance. We then say that " the neck is 
broken ;" and such an accident is instantly fatal, for it 
stops at once tho movementa of respiration. 

In what way does this ganglion maintain the func- 
tion of respiration ? 

1G2. Keflex Nature of the Act of Beepiration. — Ae vt 
have already intimated, it is by mcaus of a reflex ao 
tion. All the nerves which arc distributed among tho 
blood-vcseels receive an impression from the circulating 
blood. As this blood loses its oxygen and becomes 
charged with carbonic acid, the impression is conveyed 
inward by the nerves, and is thus transmitted to the 
medulla oblongata. Among those more cspeciallv sen- 
sitive to this impression is ibe Pneitmogaatrio nervt, 
which, as we have already seen, is distributed among 
the air vesicles of the lungs, and there perceives the 
earliest signs of the contamination of the blood. A^ 
I'ived at the medulla oblongata, the impression tboE 
conveyed is received by the gray matter of the gan- 
glion ; it is then converted into a motor impulse, which 
is sent out by the intercostal ami phrenic nenes, and 
the muscles of respiration are at once set in I 
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Wie new air introduced into the lungs tlien relievea 
the nervoua eysteoi by tho supply of oxygen, and the 
DiDscles accordingly relax, to bo again called into op- 
eration a few instants afterward by a repetition of th6.^ 

process. Tliis is the reflex action of the medulU 
oblongata. 

Kow this nervous impression is not usually felt, bdM 
cause it does not naturally give rise to any consciot 
sensation ; but you can feel it very e 

Hold the breath for a few secondti, and you arc in) 
mediately conscious of an unusual sensation in tbtfl 
chest. This is not like ordinary pain, or the sensation 
of cold or heat. It is a peculiar feeling of distress,' 
which grows more intolerable every moment. It soon 
fills tho chest with a sense of suffocation, and then 
Bproads over the whole body, calling loudly for air and 
Ecspiration, until its demands become too imperativ 
for resistance. When yoii cease from voluntary oppo- 
sition, the niorements of respiration begin again of . 
themselves, and the feeling of suffocation passes off a 
the fresh air finds its way into the lungs. 

The nervous impression, accorilingly, which excites 
the respiratory muscles is alternately produced aud re- 
lieved as the air enters and is expelled from the paa- 
«ages of the lungs ; and the movements of respiration . 
are repeated at regular intervals aa often as they are J 
required for the renovation of the blood. 

Thus various reflex actions arc performed by the 
ner^'0U8 ganglia in diSerent parts of the brain. Some 
of them are accompanied by the exercise of reason and 
Other intellectual faculties ; some of them call into op- 
erttion only the powers of sensation and the will; wliilc 

lers, wMch are those most indispensable to life, go 
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ou without onr coDsciou^tiess, liy the simple operatioa 
of the ncn-ouB force. 

We have now gone ihrongh with the study of tho 
great nervous m&BB«s of the spinal cord aud the brain, 
and of the nerves connected therewith. Titken alto 
getber, they iana a division of the nervous eystem 
which is called the Cerebro-tpinal system, from the two 
principal nervous centres wlti<;h it contxlnx, Tltis sys- 
tem presides over all those fiiiictioue which coanect the 
animal body with external objects, such as sroution, 
the will, the instincts, tho voice, and the iutrodoctloa 
of food and air into the body from without. 

But there is another class of functions which the ex* 
clusively internal in their operation, such as digostio:), 
absorption, secretion, nutrition, and the circnlation of 
the blood. Tlicse fanctions are also regulated and coo* 
trolled by a set of nones and ganglia, with which their 
organs are more especially connected; and this part 
of the ner^ons system is called the Si/item of the Gnat 
Si/mpathetic. "We shall proceed to the stady of tbi* 
system in the following chapter. 

<jet:sTioxs fob chapter xv. 

1. Ofn-hal strDcnires is the irni'n coniposeJ ? 

2. lluw are [lie ma eides of Ibe brain sqiaratnl fium each oibsr! 
8, IIoH' nre ihey connecloil? 

4. Nbdib Ihe three principal ports or diiisiona ofihe bnin. 

5. What is the furin and sitiuitjon of ihe mtdulla oblmigalaf i 
€. Wlmt impartani mass of graj matter does it contain? 

7, or what is it composed on its oat«r BurGu-'eF 

8. What is ihe situnlion of the rertbtllHm f 
S. Of what is it composed on its outer siirSu;e? 
10. What is Ihe arrangemeiit of Ihe gray matter 
It. OfwhatuitoompoMdintenuUlyr 
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e the Iwo IbIomI halves of tho cereballnni connected 
[ frith each other? 

13. What name ts (riven to 
MTebellilni? nrnlwhy? 

li. Whotis thelu/xTunnnWff and nh; is it so odled? 
;. What collection of gray malter does it contain intcrnalljf 

16. What are liic /niluncUa of the linrinT and why bo called ? 

1 7. Where do the Rbrea of tlie peduncle* tenniDale ? 

18. Wbivh Lt the hirgesl division of the brain 7 

19. What is ihe slrocllire of ils ontcr mirfaco ? 
. How are the two lolemt hiilvea of Ihe cerehnim connected w 

cnch other ? 

21. V/htre Bimhc slrmleil tiodiei and oplic lAalami sitOMXed? 
', What in the function of the txreln-um f 

23. How do we koow that the corebmm ia the organ of the ni 

24. Which is the Himploat and inuHt important of lh« mental beul' 
^tiea? 

26. What 19 the definition of memoij ? 

26. How ia tho memory aSecied in caaea of injury or deficiency of 
Ihe brain? 

27. What is the facnlty otjuilymeaif 

28. What la the faculty of rrasoii T 

29. How are acta of an ialdlhjenl nature performed ? 

80. Do «fisa(i'un aaJ volition depend upon the cerebrum? 

81. In what pnrt of the brain du tbci<e fuculiiea reside? 

82. Wliol is the dilTcrence between a nervout impretiio/t and a 
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the difference between inttlligeace and voRlioii f 
net be valuDiary withoal being the reanlt of in 



35. What is an imtin-^ttve net? 

86. Where is the sent of simple senMtion and rolition in the brdof ~ 

87. What is (he most important reflex action taking place in tl 

Z8. Are the movements of rcspi ration voluntary or involuntary? 
89. Do they recjuire the co-operation ofconaciousaess or acnaatiai 

40. What parta uf the bruin may be destroyed witboat aiTeBtiog,^ 
nqnr>tianF 

41. What part of the brain presides orer the act ofreapiratiooT 

42. How ii the meduUa ohlougaia protected by its situation ? 
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48. What do we mean bj sayiiig that *' the nedL is broken?* 

44. Why is this accident immediately fatal ? 

45. How is the reflex act of breathing performed by the medalla 
oblongata? 

46. What nerve is the principal agent in conveying the impreanon 
to the medulla oblongata? 

47. Is this impression usually perceived? 

48. How can it become perceptible? 

49. What muscular action is excited by it ? 

50. By what nerves is the stimulus carried outward to the musdes? 

51. Why are the movements of respiration rq)eated at regular in- 
tervals? 

52. What is the eerehro-spinal nervous system ? 

53. What is the general function of the cerebroHq)inal nervoof ijrs- 
tcm? 
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CHAPTER XVI. 

BTSTEU OP THE GEEAT SYMPATHETIG 
Bmaril Stracturc of lUe great Sjmpallietie — iu Gunelia— il« Nerres. 
— Arterial Plexus — (heir Distribution— connBfl ion with tlic Cere- 
bro-«piniil SvBtera. — Slow ojieration of Sympathetic Nerves. — Effect 
of Cold ami Wei. — Irinannnntion of lire lutenui Organs.— How to 
Bcoid the effects of Exposure. ^ — DiBerent kinds of Ileflex Action 
IhrODgh STiapathelic and Cercbro-gpinal SvstemB. 

1 63. General Arrangement of the Bymp&thetic System. 
— The Hystcm of tlie great sympatbelic Derve consUla 
of a double chain of very small gaaglia, which extend 
from one end of the body to the other, in front of the 
spinal column, mnning through the deeper parts of the 
neck, and inclosed in the cnviiies of the chest and ab- 
domen. The Boccessive ganglia are connected with 
each other by fine nervous fibres, which run upward 
and downward in the direction of the chain. From the 
ganglia there are also given ofl'numerona mlerlacing 
ner\eB, which arc distributed to the great internal or- 
gans of the body — to the heart, the lunge, the elomaeh, 
the pancreas, the liver, the intestine, and the kidneys. 
These nerves are smaller than those of the cerebro- 
spinal system, and are less distinctly visible, owing to 
their grayish color and greater delicacy of texture. 

A striking peculiarity in the course of the nerves be- 
longing to the sympathetic system is that they follow 
closely the distribution of the blood-vessels. Starting 
from the heart, they envelop the great veasela with a 
Bort of network, or plexus, of fine interlacing nerrea 
N2 
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whiuli is called the Arterial plexus oi the sympathetifl 
nerves. Each plexus is re-enforced by fibres from 
sdjaccnt ganglia, and sends off corresponding divif 
with the arterial branches, which follow their s 
ramifications, and thus accompany them all over the 
body, and pcnotratc with them into the substance of all 
the organs. 

Ill the neck and in the chest the spnpatbetic ganglia 
are regularly arranged in puirs, one on eacJi side of the 
body, in front of the spinal column. This regularity is 
especially marked in the chest, where the ganglia are 
twelve in number, each one resting upon the head of 
the corresponding rib. But in tlie upper part of the 
abdomen their arrangement is different. Immedbtely 
behind the stomach, and about the gi'eat vessels given 
off from the aorta at this part, there is a collection of 
eympathetic ganglia varying in form and size. Of thewi 
ganglia there is one on each side, which is larger than 
the rest, and which, fi-om its semicircular or half-moon 
shape, is called the Semilunar tfanglion. All the gan- 
glia are united with each other and with those of ihe 
opposite side by a network of filamentB, forming a close 
and intricate central plcxns. 

From this plexus other bundles of interlacing fila- 
ments are given off, which follow the course of the 
blood-vessels to all the abdominal organs. It has there- 
foro received the name of the tS'o/arjt}/»nM, because the 
Other abdominal plexuses radiate from it in every di- 
rection like the rays diverging from the sun. Thus 
the solar plexus holds, as it were, the central place in 
the nervous system of the abdomen, and by its radi- 
ating filaments controls the action of the various or- 
gans oontoined in the abdominal cavity (Fig. 54). 
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Here, also, as in other parts of the body, the eympa- 
tbetic plexuses and their branches follow the course oi 
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I tlip blood-vessels, embracing tbem every where with I 
I network of intersecting fibres. 
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104. Action of the Sympathetic NervM on the Int«nisl 
Olgaas. — Accordingly, these ntrvcs are every where 
io inlimatG coanection with the vascular system. It is 
in this way that the different parts of the circalation 
are brought under control; ao thnt tho courBe of the 
blood may be hastened or retarded, and its quantity in- 
creased or diminiBhed in variouB organs. Thus tlii' 
functions of secretion, nutrition, and the like, which di- 
pend so much on the state of the circulation, are made 
to sympathize with each other in distant regions ; and 
on this account the system of nerves now described hna 
received tho name of the " sympathetic" Bysleiu. 

The action of this system, however, and that of all 
the organs under its influence, is involuntary in charac- 
ter and entirely independent of our control. 

Nevertheless, the sympathetic system of nen'es is 
connected with the ccrebro-spinal system. For each 
principal ganglion sends out a branch of communica- 
tion which unites with another branch coming from a 
spinal or cerebral nerve near by ; and thus the intemal 
organs may bo influenced, in a circuitous way, by im- 
pressions produced on the sensitive nerves. But this 
influence is always secondary and indirect in its opera- 
tion. 

1(15. Slng^sh and continued Action of the Sympathet- 
ic Nerves.— Tlie peculiarity of tho nervous actiou of the 
sympathetic system is that it is sluggish and gradual 
in its operation. The cerebro-spinal ner^-es, on the con- 
trarj-, respond instantly to the stimulus which is applied 
to them. The sensibility of the skin feels at once any 
(foreign body in contact with it, and the contraction of 
the voluntary muscles is immediate and momentary. 
But in the internal organs a certain time is reqni 
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fbr tho operation of tlic ncrvoas stimulus ; and its a& 
tion, when once excited, is slow and uaiform. The pcri- 
Btaltic movement of the intestines, for example, is not a 
prompt and instantaneous contraction, like that of the 
Voluntary muscles, but a slow, continuous, and vermicu- 
lar motion, by which the food is steadily and gradually 
carried onwai'd. 

The effect produced by the nervous action of tho 
sympathetic system upon the internal organs often re- 
<]uii-es a still longer interval Thus, when we are ex- 
posed to cold or dampness, we feel the impression npon 
the sensitive sur&cc of the skin immediately; but tho 
inflammation which follows in the internal organs, snch 
as pleurisy or sore throat, only comes twenty-four hours 
later. And tho disturbance of the circulation so pro- 
duced, when once it is established, continues long after 
its cause has disappeared. Thus a cold or a pleurisy, 
which lasts a week, may be produced by an imprudent 
exposure which only continued for half an hour, 

1 an. Protection from Injury by Cold and Wet.— Accord- 
ingly, the greatest care shoald be taken to avoid such 
unnatural exiiosures. The immediate discomfort and 
annoyance produced by cold and wet is a notice given 
to the nervous system that, if the exposure be contin- 
ued, more serious consequences will follow, and that the 
internal organs will suffer in their turn. As soon as 
possible, therefore, after being wet or chilled, the body 
should he thoroughly warmed and dried. The princi- 
pal danger in such cases is in delay. For cold and wet 
do not usually do any harm to healthy nnd vigorous 
persons 80 low/ as the body ia kept in active exercise, 
and the circulation maintained in u corresponding de- 
gree of rapidity. But after the work is done, or while 
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the Bystem is in repose, the same exposure that before 
produced only a healthy glow and reaelion, if continued 
longer, will dcprcea the vital powera and cause daagcr- 
008 injury to the internal organs. 

Thus, even at freezing temperatures, a man may walk 
about briskly in the open air with impunity; but Mb> 
ting Btill in a cold room is always daugerous, and liable 
to produce the moat serious results. 

The best protection, therefore, against the conse- 
quences of an unavoidable exposure is the active em- 
ployment of the muscles and limbs bo long as the occa- 
sion for exposure continues ; afterward the warmth of 
the body should be restored by artificial means with 
the least possible delay. 

167. Vuiaiifi kindB of Reflex Action. — "Die sympathetic 
system is thus a medium of communication between 
the different iutemal organs ; and, owing to its connec- 
tion with the cerebro-apinal system, the internal organs 
are also brought into relation with the sensitive snr- 
faces and the voluntary muscles. There are, accord- 
ingly, in the living body, reflex actions of three diflei^ 
ent kinds, which take place, in whole or in part, through 
the sympathetic system. 

1. R^fiex actions taking plaee from the internal orffant 
to the voluntary mtuclea and sensitive surfaces. — The 
convulsions of young children are often cansed by the 
irritation of undigested food in the alimentary canaL 
Attacks of indigestion will also sometimes produce tem- 
porary blindness, double vision, squinting, and even 
hemiplegia. 

2, lUfiex actions taking place from the sensitive eut^ 
faces to the invohtntari/ muscles and the inlemat op- 
pant. — Imprudent exposure of the skin to cold andv 
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will often bring on an affection of tile bowels, 
and moral irapreBsions, conveyed through tho 
will affect the motions of the heart and disturb dige*- 
tion and eecretiou. Terror or surprise will produce a 
dilatatiou of the pupil, and thus commuDic«te an unu- 
fiual and striking expression to the eye. Disagreeable 
sights or odors, or even unpleasant occurrences, in sen- 
sitive persons, will disarrange raany of the internal func- 
tions of the body. 

3. Heflex actions taking place, through the sympatheiic 
tyMem,/rom one part oftlie internal or/fang to another. 
— ^The contact of food with the lining membrane of tha 
intestine excites the peristaltic movement in its muscn- 
lar coat. Tlie united action of the stomach, the liver, 
and other parts of the digestive apparatus titkes place 
tlirough the medium of the sympathetic ganglia and 
their nerves; and the vascular congestion of the differ^ 
ent abdominal organs, at the period of their functional 
activity, depends upon the same influence. Tlieso ac- 
tions are not accompanied by consciousness, nor by any 
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What is ihe general nrrHngement of the great Bjmpathetic dvt> 
tptem? 
2. What is ibe general course and distribuiioD of the eympaihatie 



3. What is the arterinl pltms of .iTmpnihelii; nenes? 

4. What is the arrnngenienl of Iho bj mp«tlielii; gnnglia and nei 
in th« neck and in the chest f in tho atHlomen ? 

B. What is the Eitiiation of the semilmar ganylian t 

6. Wliat IB the lolar plant of the sympBtheiic ? 

7. Orer what functions does the sympathetic Bjstom preside? 

8. WhT U it called the " BjmpHthetic" ajsiem ? 

9. lalheaetionof Ihe KTmpalheticfTMein voluntary or involunturyf- J 
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IOl How is the aympathetic system connected with the oerehro-iitf- 
nal system? 

II. How does the action of the sympathetic system differ from that 
of the cerebro-spinal B3rstem ? 

] 2. What injuriotis effects are liable to be produced on the interna] 
organs by exposure of the body to cold and wet ? 

13. What precaution should be taken to aymd these effscts ? 

14. What reflex actions take place wholly or in part through the 
sympathetic system ? 
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CHAPTER XVn, 



TBK SPEfUI. 

DefinidoD of the Spedal Senses.— Xerra <f Sfeaai SeMc— O^iB 
of Special Sense.— The Sek^e or i<iaat. — Opoe Kcnc — TW Ej»- 
buU- iu different Pait<^— Fi^ c/Mua.- liae cf AMiMXTiMB. 
— Estimation of Diituice. — SoGdit; wai P 
— Tbanmalrope. — 
—Eyelids.— The TeM».— 

rynuil Canal. — Pncticea iBjunooi (o the S^O. — 
isG. — AudiloTT Scttc. — Labjrialh.— 
Chain of Bones. — EoMachian Tobc— 
ConCnut, and Pitdi erf Soood*. — 8^ 

Nen-es.- Naul PuMges.— Tnrbinated Baaei.— T«v kiada of 8m- 
■ibilit; in Kose. — Uaea of Ibe Scaje t^St 
— Papilbe ofTongae.— Two kimk ofScnAjfin in ^e^ 
so-phaiyngeal Nene. — Utei of iba Scdk of TaMe. 

The lasl department of the ncrvotts tyMem whicb we 
Bhalt study is that of the Special Senaei. By tbu tem 
we mean the senses which give ns tie feeling of certain 
sensations diflercnt from those of ordinary toacb, sncli 

I as the sensation ofrrght,ofi00in1, of odors, or of taste. 
] as. Nerves of Special Sense.— Each special sense has 
E nerve which is devolcti to it, and which is called the 
2ferve of special sense. Each one of these nerves is so 
eonstituted that it can feel the particular sensation with 
irbieh it is connected, but can not percei%'e any of the 
others. Thus the nerve of the eye is sensitive to light, 
bnt not to sound; and the nerve of the car is sensitive 
to sotmd, but not to taste or odors. Each nerve, thcr» 
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fore, u endowed with a special sensibility, -which t 
to perform a ept-eial function. 

169. O^^ansof Special Sense.— For every special eenM 
there is also a peculiar organ, of more or less compli- 
cated structure, to which the nene is distributed. 
This is called the Organ of (tpecial tense. Thus, for 
the sense of smell, we have the nose ; for that of taste, 
the tongue ; for that of eight, the eye ; and for that of 
hearing, the ear. Each organ of special sense, beside 
its nerve, is provided with blood-vessels, lining mem- 
branoa, muscles, and other parts, wliich assist in the pei^ 
formance of the entire function. 

We shall examine iu succession, Ist, the sense of 
Sight; 2d, that ofUcaring; 3d, that of Smell; and, 
4th, that ofTuiitc. 

170. The Sense of Sight— Optic Nerve.— We are en- 
abled to perceive the impression of light by means of 
a peculiar nor\'e, situated at the base of the brain, 
which is called the Optic nerve. Tliis nerve originates 
on each side from a pair of rounded ganglia, situated 
between the cerebrum and the cerebellum, which are 
the ganglia of the sense of sight (Fig. 53 [5]). From 
their giving origin to the optic nerves, and from their 
having the form of small rounded prominences, they are 
called the "optic tubercles." From these ganglia the 
optic nerves curve outward and forward, embracing 
the peduncles of the cerebrum, and, eontinoing their 
course along the base of the brain, leave the cavity of 
the skull, each by a rounded opening called the "optic 
foramen," and tenniiiale in the back part of the two 
eyeballs. 

But about the middle of their course these neirei 
present a remarkable connection or union with ( 
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Other npon the median line. They approach each oth- 
er on each side, until they at last muet and become con- 
solidated into a single mass. At this point there is an 
interchange of fibres between the two nerves, so thai 
some of the fibres belonging to the right optic nerve 
pass over to the lefl side, and some of thoBc belonging 
to the left optic nerve pass over to the right side. This 
is called the DecustcUiQn of the Optic Nervta (Fig. 66). 



I 




At this point there is also a connection between the 
two optic tubercles, some of the fibres passing directly 
ftoroBB, behind the decussation, and returning to the op 
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tic tubercle of the opposite side ; and also a connee- 
lion between the two eyeballs, as some fibres pass di- 
rectly across, in front of the decussation from side to 
side. Thus the eyes are Dot so much two distinct or- 
gans as one double organ, both parts of which are as- 
sociated in the performance of a single function. 

From the place of decussation the optic nerves again 
diverge, and, passing through the optic foramina, reach 
the eyeball. Here each nerve spreads out into a thin, 
delicate, grayish expansion of nervous matter, which 
lines most of the interior of the eyebalL This espan- 
sioa is called the Hdina. It formB the termination of 
the optic nerve. 

171. Punotion of the Optic Herres.— The optic nenea 
are the conductors of the sense of sight. When a ray 
of light falls upon the rt^tinn, the impression is conveyed 
inward along the fibres of the nerve until it reaches the 
gray matter of the optic tubercle. There it becomes a 
sensation, and we consequently perceive the impression 
of tight coming from without. We also perceive its 
variations of intensity and color, whether it be slrong 
or feeble, and whether it be blue, yellow, or red. 

Accordingly, if the optic ner\-e8 be divided or de- 
stroyed by disease, complete blindness is the result. 
For the impressions of light can no longer reach tlie 
optic tnbercles, and thercfoi-e produce no sensation. 

An important reflex action also takes place in the 
optic tnbercles; Whenever a strong light falls npon 
the retina the pupil of the eye is immediately contract- 
ed; if the light be diminished in intensity, the pnpil 
again enlarges. The stimulus of tlie light, conveyed 
inward by the optic ner\o, is converted into a reflex 
action by the optic tubercles, and is thenco directed 
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ootvard by certain motor ner\'es to the mnsciilar fibres 
vbich serve to contract llie pupil. This shows what 
IB called the " sensibility of the pupiL" It is an invol- 
untary action, and will take place even in a. state of un- 
consciousness, provided the Optic tubercles, as well ae 
the nerves, be uninjured, 

172. Structure of the Eyeball.— Thns far the appara- 
tus of vision consists only of a sensitive nerve and a 
ganglion, destined to convey and to receive the simple 
impression of the light. Bat, in order to understand 
the means by which the sense of sight is exercised in 
all its perfection, we must examine the special organ to 
which the optic nerve is attached. This organ is the 
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The eyeball is a firm globukr mass, situated in the 
bony cavity beneath the forehead which is called the 
"orbit." Only a small part of the front of the eyeball 
is visible between the lids ; but by placing the lingers 
over the eyelids, and between it and the bones of the 
orbit, we can easily feci its globular form. It consists 
oxtemally of a strong and opaque white fibrous mem- 
brane, which envelops the internal parts like a sac or 
bag. Thia ia called, from its hard and resisting tex- 
ture, the Sclerotic coat of the eyeball. 

The sclerotic coat extends all over the surface of the 
eyeball, excepting just at its front part. Here there is 
a circular spot, about one fifth of the whole surface of 
the eyeball, at which the white and opaque sclerotic is 
replaced by a firm bnt perfectly transparent and color- 
less membrane, through which the light gains admis- 
aion into the interior of the eye. In texture and aj>- 
pearance this pari of the eye is like a colorless and 
transparent piece of bora or tortoise - shell, and it is 
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therefore named ihe Cornea- in looking directly at the 
eye fnsin the front, we do not observe the cornea, since, 
on account of ita transparency, we see only the colored 
parts of the eye behind it. But if wo look closely at 
the eye of another person in profile, we shall ace the 
jjlassy surface of the coniea projecting in a rounded 
iorm in front of the other parts, 

Tlie eyeball, accordingly, is covered every where by 
a dense and resisting envelope, of whioh the fi'ont por- 
tion, or the cornea, is colorless and Iransparent, while 
that on the sides and back, or the sclerotic, U whit« 
ond opaque. 

It is therefore like a room with one window. The 
light will penetrate through this window and strike 
npon the back wall of the room, but it can not enter 
through any ojjeningB or crevices at the side. 

Immediately underneath the sclerotic is a second 
coat or membrane of the eyeball, called the Choroid 
coat, of a brownish black color. It is quite opaque, 
like the sclerotic, but is much softer in consistency, and 
is abundantly supplied with blood-vessels. The choroid 
is exceedingly important in Ihe eye, to absorb the light 
which reaches it and prevent rcllccttons; for snch re- 
flections would interfere with the distinctness of illu- 
mination at the bottom of the eye. If you look at a 
};lazed picture at a little distance, with the light com- 

T from A window directly behind, you can not see the 
picture distinctly, owing to the reflection of light fron 
the surface of the glass. For the same reason, spy^tM 
and microscope makers have learned to cover the in- 
side of their tubes with a layer of sotl black paint, to 
that all the light may come in a direct line throngil the 
glass lenses, and none be reflected from the sides of tlie 
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termed the VUnous body, from its colorless and gluay 
appearance. It fills the interior of the eye, and keepe 
the other parts in their places by preserving the ten- 
sion of the estenial coats. 

IT3. Ciystalline Lens. — Just in front of the middle of 
the vitreous body is another tRiusjmrent and extremely 
important part of the eye, which is called the Cryttat- 
line lens. It has the form of a circular, fiattened glosa 
bead, thicker in the middle and thinner at its cdgr!. 
The lens is suspended in its position by a very thin and 
delicate membrane, which envelops its surface both in 
front and behind. It then Btrclches outward Irom Ihe 
edges of the lens in a double layer, which soon after 
consolidates into a single membrane, called the "hya- 
loid membrane," and in this form it extends over tht 
whole surface of the vitreous body. The crystalline 
lens is thus held in its place in front of the eeDtrai p 
of the vitreous body (Fig, B6). 
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174. Pnnotion of the Crystalline LeiiB.^Now it is only 
I by means of tlic crystallino leus thai we nrc enabled to 
' perceive the/orm a'uloiUline of l/tiiifft. For the retina 
itself is only Benaitive to the impressioas of light and 
color; that is, it cau perceive the ditTerence between 
I light and darkness, and between the different colors, as 
i red, blae, yellow, and green. But it has no power, by 
itself, of distiiiguishuig the form of objects. The eye 
receives the light iadifierciitly from every part of an 
object vhich may be situated in front of the cornea; 
FigBi. and therefore, if it 

were provided with 
the retina alone, the 
rays of light from all 
parts of the object, 
diverging equally 
in every direction, 
'■ would enter the eye 

y part of the retina, as in Fig. 
a, fi, represents the object, and the 
doited lino at the 
right represents the 
retina. Here all 
parts of the retina, 
1, 2, 3, 4, would re- 
ceive rays coming 
both from the point 
Vinion wim 1 uiii-. of the arrow, a, and 

from its butt, b. Tims the top, bottom, and sides of the 
object would all be indiscriminately mixed at the snr- 
ikce of the retina; and we Rhould not be able to dis- 
'tinguiah its different parts, but should only receive the 
ipreasion of a oonfiiced luminosity. 




tnd reach together e 
67, where the a 

FIg.M. 
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A " lene" is a^y transparent body, hnving the fignra 
described &bove, that i«, rounded on its two opposite 
snrfaccs and thinniir at its edges, wliicli has such an ac- 
tion on tho rays ot'Liglit passing througb it that it brings 
tbem toguthei- or conecntrates tbcni at a certain dis- 
tance beyond. Consequently, any brilliant poLut situ- 
ated in front of snch a lens will produce another bril 
liant point behind it ; because its rays, whicb diverge in 
order to reach the lens, arc again brought together by 
pasuog through it. We can see this effect with any 
convex lens of glass, such as the large magnifying 
glasses which arc used for looking at pictures. 

If yon hold a white screen or a sheet of paper at a 
dist&Dco of six or eight feet from a gas-light, the whole 
surface of the paper is equally and moderately illumin- 
ated, bocauBO tlie light, coming from all parts of the 
flame, is spread unifqmily over its surface. But if yoD 
holt! a lens between the light and the paper, you will 
SCO that it makes a spot which is brighter than tho 
rest ; and as you bring the lens slowly nearer and near- 
er to tho paper, tlie middle of this si>ot grows brighter 
and brighter, until at last yon have a distinct and bril- 
liant image of the flame in its centre, while the Bur- 
rouoding parts are dark. Kot only all the light pass- 
ing through the lens Is thus brought together in a 
small space, but all the light coming from the top of 
the flame is concentrated at one point, and oil that com- 
ing from its bottom is concentrated at another; so that 
we can now distinctly perceive its form and outline. 

The crystalline lens performs llic same seriice in tho 
interior of the eye. With the lens interposed, all the 
rays emanating from the point of tlie arrow, a (Fig. 38), 
are concentrated at a', and all those emanating from its 
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' biitt,^, arc concentrated ill y. Tims the retina receives 
the imprcBsion of the point ofthe arrow eeparately from 
thai of ite batt, and all parts ofthe object in like man- 
ner are distinctly and accurately perceived. , 

The retina, accordingly, is the sensitive screen npon 

which the light is thus concentrated. 

The spot at which a lens will thns concentrate the 

I ^ht passing through it is called its foait, and it is 

lenly at a certain distance that this concentration will 

I be perfect. If we move either the screen or the lena 

I backward or forward, so as to increase or diminish the 

I distance between them, the brilliant fpot fades away, 

\ to reappear when the two are again placed in their prop- 

' position. Now the crystalline lens is natnrally 

L|ilaDcd at such a distance from the deeper parts of the 

' eye that it concentrates the light to a focus exactly at 

the surface of the retina, 

175. Iria and PapiL — In front of the crystalline lens 
there is suspended a muscular curtain witli a circular 
opening or perforation at its centre. This curtain or 
partition is the Jria. It is so called on account of its 
variations of color, its surface presenting a mixture of 
different tints, which produce, all together, the effect of 
black, brown, blue, or gray. This is the colored circle 
^ which we sec behind the transparent cornea, and the 
Kular opening in its centre is the I*upil. 

J iris 19 composed of fine muscular fibres, which 
e arranged in two sets. Those ofthe first set radiate 
a the edges of the pupil outward, and serve to en- 
Urge the opening. The second run circularly round 
il, and serve to draw it together like the mouth 
se. Tlie posterior surface of the iris is covered 
layer of black coloring matter like that of tha 
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choroid coat. The iris itself is therefore opaqne, and 
it admits the light to the interior of the eye only 
through the opeoing of the pupil. 

I J6. Movements of the Pupil. — The pnpil, however, is 
movable. By the alternate action of the eircolar ami 
radiating fibres of the irie, its opening may be enlarged 
or diminiahed, and a greater or smatler quantity of 
light admitted to the eye. We have already described 
the reflex action by which this is Accomplished. Wlieii 
the liglit which Rtrikea the retina is iutenso and das- 
zling, the pupil contracts and shuts out a portion of it; 
when the light is dim and insufficient, the pupil enlarges 
and admits it in greater abundance. 

Accordingly, when we suddenly enter a brilliantly 
lighted apartment, the eye is at first daazled by the in- 
tensity of the light; but it soon accommodates itself to 
the change by the contraction of the pupil, and tho 
light no longer prodnces discomfort. On the other 
hand, on first passing from the light into a dark room, 
every thing ia in obscurity, and none of the objects iit 
the apartment are visible to us. But as the pnpil en- 
larges and more light gains entrance to the eye, the \m- 
rious objects become perceptible, until the room, wliieli 
before appeared in total darkness, at last seems to be 
tolerably well lighted. 

This reflex action of the pupil takes place through n 
part of the sympathetic systenL In the back part of 
the orbit of the eye there is a minute nervous ganglion, 
called the Ophthalmie. (innglion. It commnnicates by 
Blender filaments with the arterial plexus of tlie sym- 
pathetic nerve in the interior of the skull, and also with 
motor and sensitive branches of the cranial n?^ 
From its front part there pass off from ten to i 
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delicate nerves whtcli eoon penetrate the sderotio coat 
of Uie eyeball, aiid run forward beneath it obtil they 
reach the attuatioii of the iris. These are called the 
Ciliary nereea. They ni'e finally diBtributed to the 
muscular fibres of the iris, aud alternately excite them 
to contract or enlarge the pupiL 

Tlie movement of the ]iupil is therefore one of those 
redex actions which take place partly through the cere- 
bro-spiual and partly through the sympathetic system 
cf nerves. The impression upon the retina is first car- 
ried to the optic tubercle in the brain, while the im- 
pulse reflected thence is conveyed to the ophthalmic 
ganglion, and finaUy reaches the muscular fibres of the 
iria through the ciliary nerves. 

Between the front of the iria and the inner surface 
of the cornea is a space which is filled with a thin 
transparent fluid. From its watery consistency this 
flnid has received the name of the Aqueona humor. It 
completes the etmctures entering into the composition 
of the eyeball. 

There are several peculiarities in the function of the 
eye which require attention. 

177. Field of Vision. — Va%%,there ia only a tmail space 
in/rotit of the eye in which objects can be seen distinct- 
fy. As the pupil will admit rays of light coming ob- 
Ii<)uely from various directions, there is, of course, a 
field or circle, of a certain size, within which objects 
can be perceived. This space is called the J'Hcld of 
vision ; and beyond its limits nothing whatever can be 
Been, becanse raya of light coming directly from the 
Bide or from behind can not enter the pupil 

178. Line of distinct Vision. — But even within this 
fteld there is only a single spot in its centre at which 
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objects can bo seen distinctly. Tbns, if wo stand in 
front ofS row of upright stakes or poles, we cim sec 
those directly before the eye with perfect dlstinctnesa, 
but those placed at a little distance on each ^de are 
only perceived in a confused and uncertain manner. 
We can aee that ihey are there, but we can not accn< 
rately distinguish their outlines. 

When we look at the middle of a printed page, di- 
rectly in front, we see the distinct forms of the lettere ; 
but at successive dlBtauces fi-om this point, if the eye be 
kept fixed, we can distinguish first only the separate 
letters with confused outlines, then only the words, and, 
lastly, only the lines and spaces. 

This is because the rays of light which enter the 
crystalliuG lens directly from the fi-ont (as from a, Fig. 




50), are conccntr.itcd by it to a focus at the retina (x), 
and produce distinct vision; but those which enter it 
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-rery obliqnely {as from b), cross each other in th( 
ity of the eyeball, and bo reach the retina separately 
'{«i y, z), thus producing indistinct and imperfect vision. 

There is, therefore, only a single line extending di- 
rectly in front of each eye within which objects are dis- 
'tinctly Been. This is called the Zine o/dislincl vuion. 

We make up for this, however, by the great mobility 
of the eyes, which tnrn rapidly toward every part of a 
landscape, and in this way enable na to see the whole 
with distinctness. In reading a printed page, also, the 
eyes follow the lines fi'om left to right, thus seeing each 
letter and wor<l distinctly in succession. At the end 
of each line tltey rctnm suddenly to the commenc«- 
'ment of the next, and repeat this movement from the 
top to the bottom of the page, 

179. Sln^fle and distinct Vision with both Eyes.— Be- 
«ide this, even directly in front of uSytJiere is oidij acer- 
4ain distance at tcAich objects can be seen distitictli/ by 
.■both tyes. As the eyes are situated two or three inches 
■part from each other hi their orbits, when they are 
■both directed toward the same object, the lines of vis- 
ion for the two eyes converge and meet each other at 
idle situation of the object, tt is for this reason that 
^e see only one object, though wo look at it with two 
•yes ; for, as the two tines of vision meet at a single 
;^iut,the two distinct images exactly cover cadi oth- 
.«r,and eo fomi but one (Fig. 00 [l]). 
" But either within or beyond this point, vision be 
Comes imperfect and at the same time double^ If we 
hold up one of tho fingers before the face at the dis- 
tance of one or two feet, and in the same range with 
•ny flmall object, such as a door-knob, on the other side 
1»f the room, when both eyes are directed at the finger, 
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i aee it eingW and diBtLnctly, but the door-knob ap 
vie 10, pears double, one image od each 

^ side ibe finger. Ifwc now changu 

the directiou of the two eyes and 
look at tbe door-knob, that, in lU 
turn, will become distinct and hiu- 
gle, while the finger will appear 
double, oue on each side the door> 
knob. 

ThU is becanse, when both cyra 
are directed at the nearer object 
{Fig. 60 [1]), tbe farther one [2], 
will also be ccen ; but it vill be 
Ecen indistiDL'tly, bccaose it is 
outside the line of distinct viBio.i. 
But for the right eye it will be to 
the right of the line of viuon, and 
for the left eye to tbe left of this 
Hue. Tlie two images, therefore, 
I do not correspond in sitnation, 
"""'■ and the object consequently ajv 
pears double. 

In looking at a land&oapc, accordingly, when both 
eyes are directed at the foreground, the middle ground 
and the distance both appear dim and indistinct ; and 
when the eyes are directed toward the distance, the 
foreground, in its turn, is imperfeetty perceived. 

Thus wo judge instinctively of the distance of differ- 
ent objects by the direction of the two eyes and their 
lines of distinct vision. 

180, Appreciation ofBoUdity and PrctJectioiL — But the 
combined action of the two eyes is also useful in anoth- 
er respect : it enables us to ap]>reciatc the qualiti»| 
solidity and pr^ection. 
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When ffc look at any solid ob- 
ject, Buch as a square liox {Fig, 
61), at a short distance in front of 
us, the two eyes, being separated 
from eacli other by the distance be- 
tween their orbits, will see the ob- 
ject Irom two different directions. j 
Both of them will see the front of 
the box (a), but, in addition, the 
right eye will see a little of its 
right side (6), and the left eye will 
see a little of its left side (c.) We 
can easily convince onrselves of 
this, in looking at snch an object, 
by alternately closing first the 
right and then the left eye (as in ^t'loiidobjec't''"' " 
Fig. 62), when we shall find that to the left eye the bo» 
appears as at a, and to the right eye it appears as at b. 
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Solid Ob]«:L~<L Ae eeea ij the left ejf ^ b, A* seen b; the right are. 

Consequently, the images of snch a solid object, as 
perceived by the two eyes, are different. But as they 
are both in the line of distinct vision, and occupy the 
•otne spot, they are united with each other, and appear 
from this union and fusion of tvo differ- 
ent images that we acquire the perception of eolidity ^ 
and projection. 

02 
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Accordingly, a flal picture, however well it mar be 
painted, can iiever deceive us in this respect ; for we 
feel that precisely the same image is presented to both 
eyes, and consequently that it can have no real projec- 
tion. 

But when two pictures of the sanic object, taken in 
two different poailions, arc presented in such a way 
that only one of ihem is seen by the right eye and only 
the other by the left, the same effect may be produwd 
as by the object itself, and the appearance of solidity 
and projection may be perieetly imitated. 

This is actually accomplished in the contrivance 
known as the Stereoscc^. This is simply a box hold- 
ing two pictures, usually photographs, of the same ob- 
ject. One of the photographs, taken as the object 
would actually appear to the right eye, ia seen by the 
right eye ; and the other, taken as it would appear to 
the left eye, is aeon by the lefl eye. Thus the two pict- 
ures combined seem to be but one, and a singularly de- 
ceptive resemblance to the real object is produced. 

Thus, within moderate distances, we perceive the pro- 
jection of solid bodies by the combined action of the 
two eyes. We also perceive variations in distance by 
the different direction of the two lines of vision and the 
angle at which they meet. But at long distances both 
these distinctions cease; because the direction of the two 
eyes is then so nearly parnllel that we can not perceive 
the difference between them. The colors of objects 
also become lees brilliant as they are removed from us, 
and are also changed somewhat by the intervening at* 
mosphore. We can perceive, accordingly, the solidity 
and variation in color of a rock, a tree, or a house near 
by ; bill at a distance of some miles, even a large object, 
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Bnch as a mountain, loses its projection, and appears flal'fl 
and gray against the horizon. 

181. EffiBctofCoatraat in Ijg^ht and Color.— Secondly, 
the strength of the impressions which we obtain by the 
sight depends upon their cantraat. The lighted parts ■ 
of a solid objeet a|)jie3r not only more brilliant, bat.l 
also of a different color from those which arc in ehad<l 
ow ; and the greater the contrast between tfiese tint%;fl 
tlie more readily wc distinguish its difierent parta*! 
The strongeel of all contrasts is that between blackl 
and white, and therefore we very easily read a print- 
«d page, which is composed of black letters on a white 
ground. It is still easier to distinguish white lettora 
on a black ground, because the eye is mora attracted 
by the white surface which is lighted than by the black 
eartkee which is darL Dlf&rent colors arc also modi- 
fied in their appearance by other colors with wliioh 
they arc associated. Thus a. white surface will look 
blue by contrast with yellow or orange, and wilt as- 
eume a rosy tinge by contrast with green. If we look 
throngh blue spectacles, every thing will at first night 
appear to be tinged with the blue color of the glass; 
but this impression will after a time paiM away, and 

fevhen the spectacles are ag^n removed, surrounding 

■ )*lgectfi will look yellowish by contrast. 

' When different colors are cloBoJy mingled together 
they produce an intermciIJate tint. Thus blue and yel- 
low, when intimately mixed, produce green ; yellow 
and red produce orange; red and blue produce pur- 
ple; and white and black grains, uniformly mingled, 
have the appearance of a continuous shade of gray. 

182. PerBifltence ofTianallmpressioiifl.— Thirdly,tJipW 
impreaHont produced upon the eye remain for a short 
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time i^^rworrf. If a lighted stick be Ewang round rap- 
idly iu a, dark room, !t appears like ao unbroken circle 
of lighL This U because the Impression of the light, &t 
any one point in the circle, rcmaina until the reTolving 
slick has again returned to the same spot ; and a suc- 
eessioD of sparks, sent off rapidly from a knife-grinder's 
wheel, produce the appearance of a continuous stream 
of lire. This is also illustrated by a familiar toy ciilled 
Uie Thaumatrope. In this instrument a series of pict- 
ures of the same object in different positiona, its of a 
horse leapmg over a wall, are made to pass snccessively 
before the eye npon a revolving card. The different 
figures follow each other so rapidly that the eye can 
not jterccivc the interval between them, and they look 
like the same figure in aivtive motion. 

183. ViBiud ImpreeeioaB of Internal Origia. — Finally, 
the impressions of sight nmt/ be imitated by the internal 
action of the Ttervoui eystem, so that we appear to sec 
objects which are not presented to the eyes. This is 
also true of all the other senses, but the internal im- 
pressions belonging to the sense of sight are much more 
vivid than the rest. Thus, in a dream, or even in a rev- 
erie, we often see external objects, with all their peculi- 
arities of light, color, and form, nearly or quite as dis- 
tinctly as when awake, and much more distinctly than 
wc perceive imaginary sonnds or sensations of touch. 
It is this sense also which becomes most easily excited 
in certain nervous disorders, as in dcltrinm, when the 
patient sees passing before his eyes faces, and figures, 
and landscapes, and towns, and cities, which are depict- 
ed upon his imagination with a remarkable force and 
distinctness. 

As the sense of sight, therefore, does not depend so 



he other senses apoo the ftctttk 
tcts, it is more readily called L 
'hen witbdraM-n from their inflaeDM!. 
The organ of sight is provided with certAim * 
parts, which cnublo it more perfectly to pcribrm tti 
function 9u 

1 84. I(o?emeiitB of the Eyeball — In the first place, Uw 
eyeball is juacabU within the orbit. It re«t* ia Uui 
bony cavity, imbedded in a layer of fitt, which acta Sw 
■ soft and elastic cushion ; and nyoa t 
eyeball U capable of turning in vuiooa < 
From the bony walls at the bottom uf Uw CfUt ttmr 
slender muscles pass forward in a straig^ ikmAm t» 
be inserted into the sclerotic coat — mm> aboiM^MM W 
', one on the ineitle, and one on Uw Mdadti udim 
balL llwae are the "straight nuaclei cf ffct «)'•' 
balL" As they contract, they tam ibe ct* ■ 
downward, inward or outward, 
curiously cotutmcted, is called iha * 
muscle of the eyeball" It ariao^lilw the aHt,AMiifc» 
hack part of the orbit, and runa torwatA VMS U rmAm 
iU upper and inner portion near iW brilfpi ttllm mm. 
Ucre the tendon passes tbrottgh a fibraw iMf* altanlirl 
to the bone, anil then tonm backward ami imtwi»4t%» 
be inserted into the upper |iart r. 
near its middle. The tend«n and the 1 
form a pulley, throiij;h which the iDaaek acU simb 
eyeball. Il is therefore woroctiiDW kacnrn bjr Uw a 
of the " trochlearis," or puUey-Iifce maM-l*. Ffaially, « - 
sixth, or the " lower oblique mnadfe," atafli Ttimi ithM t| 
ner and lower part of the ortnt, and wiudi t/utward b 
eball, to be attached, to the ■cUrotia ■ 
early oppoaite the iaatrwm of lb* trodil*' 
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The two oblique muscles rotate the eyeball upon its 
axis. If you etand in frout of a mirror and incline the 
lieud gently from side to aide, you will see that the eyes 
turn at the same time in the opposite direction, revolv- 
ing easily in their orbits, »o that each eye keeps its own 
level with the horiaon. This is accomplished by tlie 
action of the oblique muscles. Alt the muscles of the 
eyeball, by this combined or alternate contraction, ihas 
enable the eye to move in various directions, and both 
enlarge the area of sight and assist in the expression 
of tbo face. 

1 65. Protection of the Eyeball from Injury. — The eye- 
ball is protected from external injury by the bony 
edges of the orbit. These are so arranged that, with 
the cheek-bones and those of the nose, they form a 
nearly continuous ridge or rampart about the front of 
the eye. A blow with a stick or other weapon, there- 
fore, hardly ever injures the eyeball, because tt is 
caught by the projecting edges of this ridge. In order 
to reach the eye itself, the missile or weapon must be 
directed in a nearly straight line from before backward ; 
and as this seldom happens, the eye usually escapes in- 
jury. 

186. The Eyelids and their Movemento. — In front of 
the eyeball arc the EijeUde. These are two horizontal 
curtains or folding-doors, which open and shut to ad- 
mit or exclude the light. Each is strengthened by a 
thin but firm cartilaginous plate, situated beneath the 
skin. The upper eyelid is much the larger and more 
movable of the two, and when the eyes are opened it 
is raised by a muscle attached to its upper edge, and 
drawn in beneath the roof of the orbiu When allo wed 
to fall, it covers the whole of the pupil and the g 




The inside of the eyelids are lined hy a tbin and 
transparent metnbrano, called the Conjunetiva, which 
also extends over the whole exposed portion of the eye- 
ball The coDJnoctiva is supplied with a very import- 
ant watery secretion, by which its Bnrface is constantly 
bathed, and its brilliancy and transjiarency kept unini- 
paired. This secretion consists of the tears. They are 
produced in a little gland, termed the "Lachrymal 
gland," sitaated in the upper and outer part of the orb- 
it, and are conducted thence by n nninWr of fine ducts, 
which open npon the conjunctiva near the outer comer 
) of the eye. The watery fluid then runs along the edge 
h of the lower eyelid toward the inner comer of the eye. 
I 187. The act of Winking. — Uut about five or eix times 
a minute the tears are spread over the surface of the 
conjunctiva by the act of winking. This motion is per- 
formed by means of an oval shaped muscle, situated 
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H immediately beneath the akin of the eyelids, which em* 

B^ rounds their opening with a thiu and broad layer of dr- 

ouUr fibres. Ttus is the Orbicvlaria muscle, bo naioed 

from its orbicnlar or ring-like (orm. By its contraction 

I it suddenly draws the eyelids together, and, as they in- 
stantly separate, they distribute the tears in a thin lay- 
tr over the surface of the conjunctiva. 
This motion ia extremely important For, as the 
front snrface of the eyeball is constantly exposed to 
the air, it loses its moisture by evaporation, and would 
BOon become dry, wrinkled, and opaque. It is for this 
reason that immediately after death the eye becomes 
dull and tarnished, and loses its natural appearance of 
brilliancy. But during life the orbicularis muscle is 
constantly watching for the safety of the eyeball ; and 
every few seconds, as soon as a little collection of the 
tears baa accumulated below, it brings the eyelids to- 
gether with n quick, sharp motion, catches the watery 
Uuid upon tlieir edges, and so spreads it equally over 
the surface of the cornea. 

The motion of winking is a reflex action. It takes 
place, as a general rule, without our knowledge, and it 
is even difficult to resist it, for a long time, by any toI- 
untary effort. It ia so rapidly performed that it does 
not usually attract our notice. For we have already 
seen that visual impressions made upon the eye remain 
for a very short time afterward ; and though the lids 
are closed by each act of winking, the motion ia so iu- 
stantaneouH that it does not interrupt the sensations of 
the eye, and it tlioreforo passes unobserved. 

188. The Ueibomean QlaittiB and their Secretion. — In 
order to prevent the tears from being lost by ranning 
over the eyelids, the edges of the lids are smeared with 



I 



H TGI 



TH£ SPECIAL SKXSES. 3S9' 

thick oleBginoaB Eecretion, like the "sebaceous mat- 
!r" of the skin. Oily matters aod water have snch m 
>uUion for eacli other, that a little grease, rubbed on 
edges of a cup, will retain the water and prevent 
running over, though the cup may be filled eveo 
ve the level of its briin. The same offitie is perform- 
by the oily eecretiou of the eyelids. It U supplied 
ty a number of long slender glands, called the Meiito- 
liuan glands, surrounded with clustered follicles, which 
are situated on the inside of each eyelid directly be- 
neath its lining membrane. Tliey open by fine orifices 
along the margin of the lid, and keep this part covered 
with a thin layer of their secretion. 

Usually the sebaceous matter is sufficient to keep the 
tears within the eyelids; but the lachrymal glands are 
▼ery sensitive to peculiar mental emotions. These emo- 
ins, by the sympathetic action of the nervous system, 
imetimes excite the glands to unasaal activity, so that 
they pour out their secretion in increa.sed abundance; 
and the tears, thus discharged in excessive quantity, 
mn over the edge of the eyelids, and trickle down upon 
the cheeks and face. Tliis is the act of weeping. 

189. Faasage of the Tears into the Cavity of the Moa- 
trils. — From the front of the eye, the tears are collected 
by a minute orifice at the inner comer of each eyelid. 
These two orifices lead into two narrow tubes or canals, 
called the Laehrymal ctmali, which convey the tears 
into an enlarged cavity or eac at the upper and outer 
part of the nose. This sac is continued downward into 
a duct, called the " nasal duct," which opens into the 
interior of the nose, about its middle portion. Tims 
the tears, after performing their part in the protection 
the eyeball, are conducted through the lachrymal 
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passages, lo bo finally discharged into the cavity of the 
nostrils. 

190. Sensibility of the Conjonctivi.— The surface of 
the conjunctiva possesscB an estrcrae scnaibility. This 
is not like the Bcnsibility ol' the touch, but rather an 
irritability like that of the glottis, by which the con- 
junctiva resenta the iutrusion of foreign substances be- 
tween the eyelids. It is protected from this intrusion 
by iho activity of the orbicularis muscle, which con- 
tracts spasmodically, and shuts the lida on the least ap- 
proach of external objects to the eye. It is still farther 
protected by the Eyelashes. These are the stiff curred 
hairs which grow from the outer margins of the lids, 
and project forward in front of their openings. Those 
cf the upper lid arc cuncd upward, those of the low- 
er lid are curved downward ; and when the lids are 
brought near together, these two ranges of hatrs stand 
like so many crossed sabrea, or a kind of chevaux-de- 
frise, guarding the entrance to the eye. 

But if any foreign body should accidentally gain ad- 
mission, then the sensibility of the conjunctiva is ex- 
cited. Every one has felt the extreme irritation pro- 
duced by the entrance of a grain of dust, or a cinder, 
or the filing of a metal, beneath the eyelids. The front 
of the eyeball becomes blood-shot, the tears are poured 
out in abundance, tfce movements of winking follow 
each other with rapidity, and the attention is distract- 
ed from every otlier object by the discomfort of the 
suffering organ. 

This irritability of the conjunctiva is the safeguard 
of the eye. For if the foreign substance were allowed 
to remain, it would produce, after & time, a serious in- 
jury to the deeper parts, and thus permanently impair 




THS SPXCUL SENSES. 331U 

the sight. These deeper parts, although eo importaat, 
are themselves insensible. But the conjunctiva stands J 
in front of them, to give us notice of the approach of I 
danger; and when the foreign body is not immediately" 1 
dischai^ed, this membrane is thrown into an excessive 
irritation, and gives ua no rest until we have rid ouv 
selves of the oSending substance, and relieved the eye 
from the danger of its preBeuce. 

191. Precautions proper to be observed in using the 
Eyes. — The eye, like other bodily organs, is Buaceptiblo 
of fatigue. After being exposed for a considerable 
time to a bright light, this fatigue is very pei-ceptible^'il 
and the optic nerve is refreshed by the repose of twi- I 
light or of a shaded apartment. There is no doubt 
tliat the regular refreshment of sleep during night is 
also necessary to the sense of sight as it is to the mus- 
cular system ; and this, the most delicate and valuable 
of all the senses, is the most readily impaired by an n 
natural want of sleep. 

Tlie sight may also be injured by excessive or i 
proper use during the day. 

This effect may be prodnced, firet, by expoanro of the I 
eye to too brilliant a light. If we look for an instant 
at the sun, or even at an excessively strong artificial 
light, we feel for some seconds afterward that the eyo 
is partially blinded. It can no longer distinctly per- 
ceive surrounding objects; and if we liave been so im- 
prudent as to continue the nnnatural exposure, its blind- 
ing effect lasts for a long time afterward. The eye 
may even be porm-inently injured by too violent orfl 
long-continued a stimulus of this kind. 

Secondly, the eye should not be employed for too J 
long a time in the cloee examination qf tmall o^cU,i 
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Very small objecte, seen at a short distAoce, Kqnlre a 
greater exertion of the eye than lai^er ones wliich are 
more easily perceived. Thos it is exceedingly weari- 
some and injnriouB to rea<l a book which is too finely 
printed, or in vhich the k'tters are too close together, 
or not sufficiently distinct. It is the worst possible 
economy, therefore, to read habitually books which arc 
badly printed ; for it ia at the expense of the eyesight, 
which can not be replaced when once eerioasly im- 
paired. 

But the examination of minute objects, or the em- 
ployment of the eye in reading or writing, is much 
more injurious when continued teith insufficient lit/fU. 
The light, of course, should never be daEsling, but it 
should always Lc sufficient to illuminate fully the print* 
ed page or other object which is imdcr examination. 
Otherwise the eye becomes strained and wearied be- 
yond its natural power of endurance, and a repetition 
of such treatment will inei,-itably impair the sight It 
is for this reason that reading by twilight is particularly 
dangerous ; because the light fades at that time slowly 
and imperceptibly, and thus becomes exceedingly insuf- 
ficient before we notice its diminution. 

Tlie light which is used should also he perfectly uni- 
form and steady. The diffused light of day is there- 
fore the best for reading or writing. A flickering and 
imoertainartificiallight,on the other hand, is the worst; 
fbr its rapid and irregular changes from brightness to 
obscurity fatigue the optic nerve, and rapidly exhaust 
tlie sensibility of the eye. 

The use of the eye in studying minute objects eboald 
therefore be employed with moderation, and in such a 
way as to save the oi^an from unnatural irriuttoa or 
fatigue. , 
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. 192. The Sense of Hearing. — Sound is produced by tie 
■tibration of the almosjdicre. Many Holid bodica also 
.•re capable of vibrating, such as a metallic bell or Lhc 
BtringH of a violin ; but their vibration must be comma- 
jiicated to the atmosphere in order to reach our ears 
.'■ndthus produce the sensation of sound. Accordingly, 
if a bell be rung under the receiver of an air-pump from 
which the air has been exhausted, it produces no sound. 
■The metal itself may vibrate as uHual, but its move- 
ments can not be communicated to the atmosphere, and 
«onsequently can not reach our organs of perception. 

Heai-ing is therefore the sense by which we perceive 
the sounds which are conducted by the atmosphere. 

183. Auditory Nerve. — The sense of hearing depends 
apon a special nerve, called the Auditor}/ nerve. Tliis 
nerve originates from the upper and back part of the 
medulla oblongata, ivhcnco it passes outward, curves 
round this portion of the brain, and, after a efaort pas- 
sage, penetrates by a rounded opening into a thick and 
triangular portion of the floor of the skull. This part 
of the bony walls of the cranium is much denser and 
harder than the remainder, and has therefore received 
the name of the " stony" or " petrous" bono. 

Within the petrous bone the auditory nerve presents 
a singular and complicated form. 

19-1, The Labyrinth.— It lies in a cavity which is ex- 
cavated in the substance of the bono, and in which it is 
protected from external injury by the thickness and 
density of the bony walls. This cavity, from its re- 
markable and vaiied configuration, is called tho Laby- 
riiUh. It consists, first, of a small rounded chamber, 
which serves as a kind of entrance or ante-room to the 
remainder, and is therefore termed tho " vestibule." The 
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vestibule communicates with three narrow carved pa» 
sages, called the " semii;ircular canals." These csnll 
are BO placed that one is directed nearly upward and 
forward, the second nearly upward and sideways, while 
the third is borizonuU Both the vestibule and the 
semicircular canals are filled with a clear transparent 
fluid like lymph ; and in this lymph there is suspended 
a membranous sheath or bag, which presents in its form 
an exact repetition of the bony cavities which inclMc 
it, being enlarged at the situation of tie vestibule, and 
sending out tubular prolongations into the s^nicirco- 
lar canals. Its interior is also filled with lymph, and it 
thus Boats in the fluid of the labyrinth, but without 
touching the walls of the cavity. 

The auditory nerve is distributed to this sheath. Ha 
fibres spreading out in the substance of its membranous 
walls. 

The remaining part of the labyrinth is no less pecul- 
iar in its form. Just alongside the vestibule there is a 
double tubular caunl, which winds ronnd a hollow cen- 
tral axis, making nearly three complete turns, thus form- 
ing a kind of spiral cone, like a snail-shell, with its point 
directed forward and outward. From its resemblance 
to a euail-shell, this part of tlte labyrinth is termed liic 
" cochlea." The gpiral canals of the cochlea, whieh com- 
municate at one end with the vestibule, are themselves 
filled with lymph; and the remaining fibres ofthc audi- 
tory nerve pass upward along its hollow axis, spreading 
out successively in a membranous partition between the 
two parts of the double canal. Thus, when they arrive 
at the ajM-x of the cone, the nervous fibres have all been 
exhausted, and the distribution of the nerve is ( 
pUate. 
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The whole of this part of the auditory ap| 
coDsiating of the labjniDth, the membranooa b^ which 
it contaiDs, with the auditory Den'c and iu distribn- 
tion, being all contained n-ithin the bony floor of tbe 
Mdcull, is called the Internal ear. 

I 195. Fnnctioii cf the Attditory Nerre.— Ilie auditory 

i otrve, like the optic, ia a ncrre of special tease. It can 

communicate t)ie impression of sonorons Tibratious, 

but it ia not endowed, so lar as we know, with any 

other kind of sensibility. 

leo. The Tympajinm of the Ear. — The internal ear 
communicates with the external atmosphere by a com- 
plicated apparatus of movable bones and membraneik 
In the outer )>art of the bony wait of the vcstibntc is 
a little oval-sbaped perforation, not more than one 
J eighth of an iach long and one sixteenth of an inch 
KWide. This perforation in the bone, which is called tho 
[#val "fenestra" or window, ia closed by a thin fibroos 
lembrane, which prevents the flnid of the vestibule 
rom escaping. The name given to this opening is » 
Mry appropriate one ; for the perforation in the bone 
■ really a kind of window, and the fibrous membrane 
• the easb which closes it. As the light comes into a 
>om through the glass pane of a window, so sounds 
■ enter the vestibule through tho membrane of the oval 
fenestra. 

Immediately outside the wall of the vestibule, bat 
still within the substance of tbe petrous bone, is an i^ 
regularly shaped cavity, much more spacious than tho 
vestibule itselii At rather less than a quarter of an 
inch distance from the membrane of the oval fenestra, 
[ the month of this cavity is closed by another mem- | 
f brane slretcbed tightly across its diameter, and at- j 
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tncheil,allttroiiml,lo the edges of its bony walls. This 
outer membrane 13 called the " Membrane of the Tym- 
panum," and the cavity which il inclosea is called the 
" Tympanum," or Drum of the car. 

This name is also well choaen ; for the exterioi of 
the membrane of the tympanum is in contact with ila- 
atmospbcre, and the sonorous vibrations of the air heat 
upon it, like the sticks xipon the head of a drum. 

107. Chain of BoDes. — But the sounds are transmit- 
ted from the membrane of the tympfinnra to the mem- 
brane of the oval fenestra by a carious chain of bones 
stretched from one to the other. These bones are three 
in number, and arc named, from striking resemblances 
in their form, respectively the "mallet," the "anvil," 
and the " stirrup." The mallet is attached to the mem- 
brane of the tympanum, the anvil is articulated with it 
by a movable joint, and the stirrup is also articulated 
with the anvil by its ]>oint or narrow end, while by its 
oval base or foot-piece it is attached to the membrane 
of the oval fenestra (Fig. 64), 

It is easy to see, therefore, how the vibrations of the 
atmosphera, striking upon the membrane of the tym- 
panum, will he transmitted by the chain of bones to 
the membrane of the oval fenestra, and thus reach the 
fluid of the labyrinth, to be finally received by the ex- 
pansions of the auditory nerve, 

198. Enstaohian Tnbe, and its lection. — like other 
dmms, the cavity of the tympanum is itself filled with 
air, and, like them, it also communicates with the exte- 
rior by a side opening. This is very essential ; for, in 
order that a membrane may vibrate freely, the pressure 
of the air must be equal on both sides, Now the press- 
ure of the external atmosphere, as we know from the 
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changes of llie barometer, varies from time to time ; and 
accordingly it would be sometimes greater and some- 
times less than that of the same air confined in a closed 
cavity. The vibrating power of the membrane would 
therefore be diminished, and it would be lew capable 
of producing and condnctiiig sonnd. For this reason a 
small opening is ain-ays made ia the side of a drum, 
and through this opening the air inside and that out- 
side are constantly mingled, and maintained at tlie 
same degree of pressure. 

There is such an opening in the drum of the ear. 
From the fore" part of the tympannm a narrow canal 
passes downward and forward, and, after continuing He 
course in this direction for about an inch and a half, it 
opens by a ronnded orifice at the side and upper part 
i;«f the pharynx. This canal is called the Eustachian 
s, from the name of the anatomist who first described 
P 




it. By holding the mouth and nose, and forcibly press- 
ing the air out of the lungs, we can feci it passing 
through the Eustachian tube, and finally penetrating 
into the cavity of •Im tympanum, which becomes difi- 
tcnded under the increased presanre. The tympnniim, 
however, soon relieves itself after the pressure is taken 
off, the air escaping again through the same passage by 
wliicli it entered. 

If the Eustachian tuba be obstructed by inflamma- 
tion or swelling of its lining membrane, the hearing 
soon becomes impaired, from the imperfect vibration of 
the membrane of the tympanum. It is on this account 
that a common cold in the head is often accompanied 
by partial deafness. 

199. VariatiooB iuTenBion of the Hembrane of theTyn- 
r#"""' — Like the head of a drum, the membrane of the 
tympanum may be relaxed or tightened. This is done 
by the action of tliree small muscles which arise from 
the bony parts in ihc noighborbood, and are inserted 
into the little bones called the "mallet" and the "stir 
rap." By their alternate contraction and relaxation 
they draw these bones backward and forward, and bo 
increase or diminish the tension of the membrane. 

200. Ertemal Ear and Anditory Heatna. — The mem- 
brane of the tympanum, as we li.ive already seen, is in 
contact with the ci:tenial atmosphere; but it is situated 
at the bottom of a deep passage or canal, about one inch 
in lengtb, which penetrates the side of the head from 
without inward. This canal is the £!itlemal auditory 
meatu*. It is lined with a continuation of the akin, 
which is, however, very thin and delicate near its bot- 
tom. It is defended from the intrusion of insects and 
other foreign bodies by numerous fine haire growing 
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'■ shaped expansion of cartilage, covered with ekin, miJ 
fblded in various ways bo as to make a receptacle for 
the sounds approaching the ear, which it conducts to- 
ward the opening of the auditory meatus. Its outer 
edge is folded inward round nearly the whole of its 
circumference, thus forming a curved border, which is 
called the " helix." Inside and in front of this ta an- 
other curved ridge, douWe at its upper end, but termi- 
nating in a single extremity bolow, called the "anti- 
helix," About the middle of the front of the ear is a 
short ridgc-Iike clevaiion, called the " tragus," and be- 

libind and below it another, somewhat similar, the " anti- 
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tragus," In front of the curved edge of tlio anli-liclix. 
and occupying the middle portion of the ear, is a deep, 
CDp-ahaped cavity, termed the " conclia," At its bot- 
tom ia the mouth of the auditory meatns, nearly con- 
cealed behind the eminence of the tragus. 

The external ear, which is loosely connected with the 
bones, lias several muscles attached to it, bo arranged 
as to move it upward, forward, and backward. In the 
human epecies these muscles are nearly inactive, and it 
ia only very seldom that we meet with persons who are 
capable of moving the ears. But in many of the lower 
animals, such as the dog, horse, deer, rabbit, etc, the 
muscles of the ear are very active, and its movements 
consequently are rapid and various. The external or- 
gan is also larger anil more spreading in tbese animals, 
forming a kiud of natural car-trumpet, which they turn 
in various directions, to catch the faintest iudicattons 
of sound from a distjiucc, 

201. Appreciation of the Birection of Sounds. — It is ooi 
BO easy to distinguish the dirtctimt of sound as that of 
light. Indeed, whenever we see the light at all, we 
necessarily see the direction from whicli it comes. But 
it is not so with sounds. Wo may hear a sound per- 
fectly well, and yet bo quite unable to tell from what 
point it reaches us ; as when we hear the chirping of a 
cricket in a closed room, or the sound of a bell in a 
thick fog. Usually, however, we can judge of the di- 
rection of sounds, hy noticing in which ear it is most 
acutely perceived, and in what way it is reflected by 
surrounding objects. 

202. Effect of Contrast in Soiiads.— The hearing, like 
the sight, is more excited by the Contrast of impres- 
Bions than by the impressions themselves. A contino' 
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•US Had nnifonn somd, Gke the ilcadf wMiag of e*r- 

riages, or the 

after a time passes 

ceases, oar atuntion b ezchcd, xitd ve tlwD notiee the 

Biiencc which follows. 

203. PenisteBoe oi Sononm Impnmam—Mmtal 
Votes. — As in the case of the eight, abo,aa impreseioa 
rpon the car renuim for » Terr short time after H it 
produced. This iiit«-ra] has eroi beeo meacnred Sx 
the sense of hcariog; for it b known that if the same 
vibration be repeated more rapidly than sixteen times 
in a second, it ceases to be a soccession of distinct iro- 
pnlsee, and becomes a continnoos humming sound, or a 
musical note. If it be still more rapidly repeated, the 
note is higher in pitch, and so on. Thos a low note is 
bne in which the vibrations are comparaliTely slow ; a 
high note is one in which the vibrations arc rapid. 

Accordingly, there are limits in each direction to the 
pitch of the high or low notes which are audible to dbl 
If the vibrations be excessively rapid, the tympannm 
can not transmit them, and the soand becomes too fine 
to be perceived ; if they be slower than sixteen times 
in a second, we then hear the distinct unpnlses, bat no 
ContinnoDS musical note. 

By the sense of hearing, therefore, we appreciate the 
tone, the force, the pitch, and the direction of sonorous 
Tihrations. By means of the articnlato words and ex- 
pressions of human language, we also acquire ideas and 
information which arc but little inferior in vatiio to 
those obtained through the sense of sight, 

204. The Sense of Smell— Olfactory Nerves.— By the 
sense of smell we receive impressions from substances 
in a condition of gas or vapor. These vapors riso 
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from the bodies which prodacc them, and are difinscd 
through the atmosphere. They then punetratc into 
th« passages of the noetrils, and come in contact with 
their UniDg membrane, thus giving us the eensation of 
eniells or Odors. 

The Bitectal ner\'es of the sense of smell are the Oljae- 
tory nerves. Tlicy originate on each side from the fnmt 
part of the base of the brain, and then, running straight 
forward, enlarge into two oval masses, containiiig gray 
matter, and ^tuated nearly side by side, just behind 
the middle of the base of the forehead, and immediately 
al>ove the cavities of the nose. Tliat part of the floor 
of the Bkull upon which these oval masses rest is in the 
form of a thin plate, nnd is so perforated with a multi- 
tude of little openings thai it has received the name of 
the "cribriform" or " sieve-like" pUt<*. Through thcae 
openings an abundance of fine nervous branches pass 
downward, and, after dividing and reuniting with each 
other in various directiouB, arc distributed to the lining 
membrane of the upper part of the nasal passages (Fig. 
fiC). 

•205. The Nasal Passages. — The nasal passages are two 
high and narrow canals, which extend from the open- 
ings of the nostrils in front to the top of the pharynx 
behind. Through them the air passes to tho lungs in 
respiration when the month is closed. Tliey are sepa- 
rated fi-om each other by a thin upright partition, wbicli 
is sitnated exactly in the middle line. This partition 
is composed partly of bone and partly of cartilage. Its 
front part, which is of cartilage, may be felt between 
the two nostrils at their entrance. 

The inner wall of each nasal passage, which is formed 
by the partition just described, is smootli and upi 
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But its outer wall is made very uneven by three c 
ously rolled or twisted platea of bone, called, from their 
form, the Turbinated Bones, which project from it into 
the passage. These bones aie placed one above an- 
other like so many shelves, and arc therefore called 
the " lower," " middle," and " upper" turbinated bones. 
They arc all covered with the Iming membrane of the 
SOBC, which follows every where their windings and in- 
equalities, so that its surface is considerably increased 
in extent 

206. Different kinds of Sensibility in the Nasal Pas- 
sa^es. — Now the ramifications of the olfactory nerve 
are distributed to the lining membrane of the upper 
and middle turbinated bones. It is here, accordingly, 
that the sense of smell is located. Whenever an odor- 
iferous vapor passes through the nose with the atmos- 
I^ere, a portion of it rises to the upper part of the 
uaaal pasaagee, and, coming in contact with this poi^ 
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tion of the liniEg monibrane, givea us iho sensation of 
its peculiar odor. 

The lower part of the Dasal passages, on the contra- 
ry, have no sense of smell, but are supplied with other 
nervous fibres. A small branch of the fifth pair of 
nerves (Fig. 60 [2]) penetrates the side of the nostril 
high up, and then, running in a curved direction for- 
ward, downward, and backward, is distributed to the 
lining membrane of the lower turbinated bone and the 
adjacent parts. By this nerve the lower portions of 
tliu lining membrane are provided with ordinary sen- 
sibility. They can feel the contact of solid bodies, or 
of sharp and irritating vapors. 

Thus the passages of the nose are endowed, in their 
dificrent parts, with two difiereut kinds of sensibility. 
In their upper portions, by means of the olfactory 
uerves, they are provided with the special sensibility 
of smell, by which we perceive sweet and sour odors, 
and all the difierent varieties of}ierfume, which are so 
easily recognized, but which have received no definite 
name In their lower portions, by means of iho nasal 
branch of the fifth pair, they possess the power of ordi- 
nary sensibility, by which we pereeive the contact of 
gharp and pungent vapors, such as that of hartshorn or 
mustard. These pungent vapors are quite difiTereot in 
their nature from those which have an odoriferous 
quality. For the true odors, such as those of difTfrent 
fiowers and the like, can only be perceived by the nose. 
Bat the pungent vni>oi-s are also irritating to other lin- 
ing membranes, such as those of the eyes and month, 
and even to the skin, if kept in contact with it long 
enough; only the lining mcmbi-ano of tho nosa is nan 
sensitive to them than the rest 





Very often a real odor and a pungcDt vapor are er- 
^ haled together from lliu eame BubHtancG ; as, for ezam- 

plo,from mustard, from vinegar, or from Cologne water. 
I Bnt, in these eases, the odoriferous quality ia always 
, perceived by the upper part of the uasal passages, and 

the pungent or irritating quality by their lower part, 

207. Sympathetic Nerves in the Nasal Passagee.— The 
organ of smell is also supplied witli nen'cs belonging 
to the sympathetic syfitcm. Immediately behind the 
posterior boundary of the nasal passages, and beneath 
the floor of the skull, is a small swelling of gray nerv- 
ous matter, called, from the name of its discoverer, the 
Oanglion of Meckel (Fig. 66 [3]). This ganglion is 
connected by slender filaments with the sympathetio 
plexus of the great blood-vessels of the head, and also 
with branches of the sensitive and naotor cranial ner\-es. 

I Its fibi-es are sent to the lining membrane of the nose, 
■nd also to the small muscles which lift the hanging 
\ palate, and thus guard the posterior opening of the na- 
al passages. 

208. UflefWuess of the Sense of Smell— Tlie sense of 
I nnell is one of those which are possessed in much great- 
I er perfection by some of the lower animals than by 
I mau. In the dog, the horse, the sheep, the deer, and 

many others, the nasal passages are much higher and 
} deeper, the turbinated bones more extensively convo- 
* Inted, and the olfactory nenes iheniselvcs much larger 
and more sensitive. These animals can therefore dis- 
tinguish odors which are entirely imperceptible to us. 
They can perceive the odors of other animals while at 
a distance and out of sight. The dog can even distin- 
gnish between the odors of different persons, and will 
fiillow the track of bis master through a crowd of other 
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passers-by. Some auimals, when irritated, give out 
etrong and ofibusive odoi-a, wliich excite the fear or dis- 
gust of their enemiee, aud accordingly serve them as 
meaus of defeusc. Many vapors which are dangerous 
to the beakh of tlie humau speciea, and most kiuds of 
putrescent and uiiwholesoinc iood, are also accompanied 
hy a disagreeable odor, which leads as to avoid them, 
and thus to escape their injurious eflects. 

209. The Bensa of Taate— Qnatatory Nerve. — Tlie ecn- 
sibility to taste is located in the tongue. As wc have 
already said, this is a muscular organ, covered, upon its 
Upper surface, its edges, and pavt of its under surface, 
with a lining mcmhraDe. Over the whole middle and 
front part of the tongue this membrane is supplied with 
sensibiUty by a branch of Uic firth pair of uen-ps ; and, 
as this branch is that by which the corresponding poi^ 
tions of the tongue exercise the sense of taste, it has i-e- 
ccived the name of the Gustatory nerve. 

210. Diatribution of the Gtut&tory Nerve npoa the 
Tongue. — On the under surface of the tongue its lining 
membrane is thin aud smooth, and allows the blood- 
vessels to be easily seen through its transparent buIj- 
ftance. But upon the upper surface of the organ this 
Riembraneis thickly set with a multitude of fiue, thread- 
like prominences, something like the villi of the aliment- 
ary canal, which give it an opaque and velvety appear- 
ance. These prominences are termed the PapUUe of 
the tongue. As tlie gustatory nerve branches and sub- 
divides iu the substance of the Ihiing membrane, it 
sends minute ramifications into the papilla;, which pen- 
etrate them from below upward, and terminate near 
their free extremities (Fig. 67). Thus the upper gap- 
dee of the tongue is covered with a minute distribi 
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tion of nen-ouB filaments, through which it receives the 
impressions of taste. 

211. Beqnisite Conditions for the Sense of Taste. — The 
unBC of taste differs from the other special senses, In 
tbe first place, because it requires the actual contact of 
the substance to be tasted with the lining membrane 
of the organ. We can not perceive tastes as we can 
odors and sounds from a distance. The substance must 
be introduced into the month, and placed upon the sur- 
&ce of the tongue, before we can dlstingaieh its flavor. 
Beside this, it must also bo in the Jtitid /orm, or be al- 
ready in solution in some other liquid. A substance 
which is bard and insoluble has no taste. If we place 
upon the tongue a piece of dry salt or sugar, we do not 
perceive its flavor until a part of it has been dissolved 
in the fluids of the mouth. Then these fluids are ab- 
eorbed by the papillie of the tongue, and thus, coming 
in contact with their nervous filaments, communicate 

I to Qs the sensation of taste. 

It is on this acconnt that the sense of taste is so mneh 

[ facilitated by the movements of the tongue in mastica- 
d BVAllowing. For these movements, by hastei> 
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ing the Bolntioa of Bolid enbstancos, and by coDStaiitly 
bringing fresh portions of tlic fluid into contact with 
the tongue, favor the absorption of the liqnitls, and en- 
able them to penetrate tbe papillm in greater quantity. 
Food, therefore, which has been hastily masticated, ia 
imperfectly tasted; and iu this way injurious sub- 
etanci'S may pnes into the etomach unnoticed, which 
should have been detected and 8topi>ed in mastication. 

212. U&es of tbe Sense of Taste. — The sense of taste, 
accordingly, as well as that of smell, is a means of dia- 
tinguiflhin^ between [nopcr and unwholesome articles 
of food. Some substances, when taken into the moulli, 
arc found to be repulsive, and are therefore rojocled. 
In many of the lower animals, however, this office is 
perfonned exclusively by the sense of smclL The dog, 
for example, very seldom tastes any thing before eating 
it. Ho touches it with the point of his nose, and then 
either swallows it with avidity or refuses it altogether. 
It is because in him the ncnse of smell is moi-e delicate 
than that of taste, while in man tho sense of taste is 
more delicate than that of smell. 

The sense of taste is also useful in exciting the flow 
of the saliva and other secretions, by which the food is 
prepared for the diijestive process. Substances which 
are destitute of flavor offer no stimulus to tho salivary 
plauds or to the muscles of mastication, and this process 
is therefore either neglected or slowly and laboriously 
performed. But substancee which have a healthy and 
agreeable taste excite the natural .tctions of secretion 
and mastication, so that the movements go on almost 
involuntarily, and the food receives its due preparation 
in tho mouth. 

SIS. The Sense of Taste associated with the Bern 





y 



» 



-Another pecoliaiity of thu sense is that 
i^tecial nerve of taste is aUo a nerve ofordmary taut' 

'iy, Wg have already seen tliat the same parts 
itbe tongno which possess the sense of taste have 
the sense of touch developed to a rvmaritable degree; 

id these two properties are both supplied by tlie 
branch of the fillh pair which is distribated to this 
or^n. In the nasal passages, the special sense of smell 
and the power of ordinary sensibility reside in different 
portions of the lining membrane ; bat in the tongne, 
the special sense of taste and ordinary sensibility are 
exercised by the same parts, and reside in the filamenta 
of the same ner^-e. 

Accordingly, two kinds of qaalities are distingnisbed 
fcy this oi^an in different snbstances. The first are the 
qualities otUute proper, which we call " sweet," " bout," 
" salt," " bitter," and the like ; these are perceived by 
the special sensibility of the gustatory ner\o, and belong 
only to the tongue. The second arc the qualities which 
depend upon the coniUtency, miUInas, or pungency of 
the substance, such as a "watery," "viscid," "oily," 
" sharp," or " burning" taste. These arc perceived by 
the ordinary sensibility of the tongue, and may also be 
distinguished, though in a less degree, by the surface 
of the slda or by the other lining membranes. 

There are ccitain substances which have at the same 

me a well-marked and usnaUy agreeable tasto and a 
penetrating, fragrant odor ; such as coffee, peppermint, 
ginger, and the spices generally. These are called Aro- 
matic substances. Many of them have also more or less 
pungency mingled with their other qualities. They are 
employed cither alone or for the purpose of flavoring 
other articles of food. 
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214. Poaterior Portion of the Tongue.— That part ot 
the toDgue which is eituated thr back in the mouth is 
emoother than tlie rost, and is provided with mucous 
follicles ijistead of papilla;. This portiOD of the organ 
is also Bupplied with a different nerve, which, irom it« 
being distributed partly to the tongue and partly to the 
pharynx, is called the Glosao-pharynt/eal nerve (F'ig. 67 
[2]). This nerve also poasesaea the sensibility of taste, 
which is developed to a perceptible degree, especially 
for aromatic substances, in the back part of the tongue 
and the surrounding portions of the throat. Tlio stn- 
sations of taste, however, are not especially excited in 
these situations until just at the moment of swallowiug. 
At that time the food, carried back by the tongnc, comes 
in contact with the lining membrane of these parts, and, 
being also compressed by the action of the mnsclea, 
calls into activity the sensibility of the glosso-pharyn- 
geal nerve. Once past this situation, however, it is be- 
yond the region of the special sense, and in the cesopba- 
gUB itnd the stomach its taste is no longer perceived. 

QUESTIONS FOR CnAPTER XVH. 

1. What are meant by lhesfKciW«nt»r 

2. Wbatii thopeculiari(}'oranm-f D/'i/Kcia/MMMf 
8. W\iai\sibzBKac%\aaoftiaorganofipcdatnBi»t 

4. WluLt is Uiefpecial nen'Dof the »i»en/'«ijrA(f 

5. From whfit gnnglin t!o tlie optic nerros originate ? 

S. WhM is the course and lenninaliDn of the optic nervM? 

7. What 19 ti\e dtcvttatiim of the optic nervaT 

8. How ore the two optic ni1>erclea connected irlthciach other? 

9. How arc the two eyebuUs connocted wiib onch oilier ? 

10. Are the ejea to be regarded as two distinct organs or as ooe 
doable orgui ? 

11. How do the optic nenei tenninale in the inierior of ihecT^ 
balls? 




I IS. Whoi is ibe property or runction of the optic ni 

Lis. What id the elfect ofinjuiy or diviaion of tlie optic nervM? 

■ 14. What redox action takes place through the optic taberdes 7 
K JE, What do jou nieaa by the ttnsibilUj of Iht puyit f 
r l6. Is this Mnsibilit; tiecesauily accompanieil by o 
I 17. What is the special atyan orsiglu ? 
1 18. In what caiilj \» the eyeball situated ? 

19. What is the form of the eyeball ? 

20. What is the iclervtic ami oftlie eyeball? >Vhat a 
are aad congisiency ? 

21. What is the mrara, and where is it situated ? 

22. now does the comes differ frotn the sclerotic? 

23. Through nimt part does the liftlit enter the cavity of the ev». 
ball? 

2t. WhntUthet*m-M(iciw(oflheeye? WbutU its color and cc 
■istency? 

2.-.. Ulmt is the UMi of the choroid cont ? 

2G. What is the situation and atruciare of the rttSna T 

27. What is tha function of the n 

^ X8. Dnea the retina possess ordiunry sensibility ? 

'. To what kind of impresiiioi 

titO. What is the effect of injury or disease of the n 

\ 81. What is the vifrtout bodt/ of the i^ and why sc 

13. What is its DM? 

IS. What is the situstion and fom) of the cryatalUm 

P't4. liow is the lens held in its place ? 

L What is the use of theclystallipo lens? 

IM. Wliot is tbe^bciucf alens? 

■ ST. Where is the focns of the ciyilnlline lens in 
I. What is the iri> T and why so called ? 

S9. Whatis the/w/irV? 

40. Of what tissue is the iris composed ? 

41. WliHt two sets of maEculur fibres does it contain? 

42. Wliat is the action of the direrging fibres ? 
4:i. What is the action of tlie circular fibres ? 

44. What are the movements ofthe pnpil on passing from the daik 
Into the light ? from the light into the dark ? 

4.1. What ganglion and nerves ofthe pympatheiJe systejn take part 

in the reflex moveioenia of the pupil ? 

IG. What ia the lituatiott of the epkthaimK gangUoa t 
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47. WhM ii the coana and 

48. What isiheajuMtw AumorofHiecyor 
«. WhatislhejtfWo/tniimf 

50, III what port of the Geld of viaioii can objcrtibe mcdi 

51. Wbflt is the line o/ dittiafl ntiant 
.'■>2. Why are objects outside ihb line seen indi«tin«lj7 
53. llow do we ooiupensatB for Ihis in wing ibo eyes ? 

r>l. Wliy can an object be seoo disiincily wilb boib ejet omlj M * 
' senain djauuice ? 

Ej. Why do objects appejr single, ihougli seen with two eyes? 

5G. How can we see an object indistiDcily, and, at the some tim?, 
double? 

57, Can we see all parts of a landscnpe disriuotly at Ibe same dine, 
and why '/ 

r3. How ilo we jadge of ihe ilistaaer of various objects? 

E9. Ho« ia the ap[jeiirance of m/iJ-'y or^rojccd'on produced in ris- 



owith ti 



>eycs 
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60. Cwi a single flat picture ever represent a solid object so ai 
deceive the eye, and why f 

61. What is a stereo«cope, and how does it prodnc 
of solidity ? 

62. WTiiil ia the effect of conlnut on risual impressioas t 
03. Wbnl colors make the slroogeat contrast P 
CI. How can one color appear different by contrast w 
Co. What is the effect of mixing two different colore? blue and yel- 
low ? yellow and red ? red and blue 7 black and white 7 

fiU. Do the impressions of sight disappear immediately, or remain 
fbr a short lime ? Give an iDatnnce. 
C7. What is the t/iaiimalrope, and how ia its effect produced? 

68. How may the impressions of sight be prodocod vrithont viaible 
objects? 

69. How are the mocrnienii of the eyeball provided for 7 

TO. What are the direction and attachments of the Mtrai^ht mutcb* 
Hftheesdiallf What is their action? 

71. What are the direction and attachments of the vpp*r obBfut 
mturk of the tyebatlt 

Tl, Why is it called the trw.hUarie mnsclc ? 

7.1, What are Ibe direction and allnchnienta of Ihs (aicer lAUjat 
nusc/e oftha fycballr 

74. What is the action of the two obliqne musclet of the eyeball? 
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- Tfi. Wtiat are the two aaea of ihe mOTemenu of the erdMl) * 

76. How is the eyeball protcctal from eiiemaJ iojmj ? 

77. Whiil is the Btmcure of the eytlidi r 

78. Which ii the Uiger and more movable cf the two? 

79. How ii it rai«d and lowered in front of the ere? 

80. Wlint is the eoojiartlna T 

01. How U the conjunctiva bcpl mwl and tnui^parcDl T 
8'>. la whal gland are the tears prodoc«d, and when u i> nlB> I 

■ted? 

8U. Where do the ducts of the lachTrmal gland open upon ill 

81. How are the tears sjircad over the enrbre of tl 
8.'i. By wlial mnsde is the act of winking peilbimed ? 
8G. What is the use of the act of winldng, and how would the i^ J 
ifFer if it were not performed ? 

H7. la the act of winkiag iMluDlaty or inrolontaiy? 
68. Why does it nsunllr pa» unnoticed? 

89. Han- ore tho tears prerented from ramiiDg orer the ed^BS of 
'dw ejelids 7 

90. Br whal glands is the scbactotis secretioQ of the erelids pn>- 
iced; 

91. How is the act (if irefpinj produced? 

92. How are the tears conveyed away from the Burdce of the ey»> I 
tan, and where are the; finally discharged? 

93. What arc tho egelatket, and whst ia their lue? 
Dt. It the conjunctira senaiEiTC or insetisible ? 

On. How does its sensibility serve to protect the are from iojaiy? 
M. How tnoy the sight bo injnred by excessive use ? by too hril- \ 
liant hght? by continaed examination of small objects? 

97. By reading with insufficient light? 

98. What is [he best kind of light for reading or studying? 
9D. What is the worst ? 

100. now i(t Munrf produced? 

101. How is the vibration of the atmoip/iere necessary to onr 
ing soonds ? 

102. What is the definition of the sense of hearing? 
108. What is the fpfcial jtfrrr of the sense of hearing? 
IW. What is the origin and course of the auditorj- nerve? 
lOG. Whalis thesituation of the;i<trou> bone, and why Bocalledf I 

' 106. What ia the labyriaili, and why so called ? 
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107. WhM is iho 


hape and nnine of the firat portion of (he Imbj' 


linth? 




108. What arc tlie 


semirircuhr camli, and bow do lliey differ fran 


etch other in their position? | 


109. Whatisconu 


ined in the cavities uf ih» vestibule and the wmi- 


drcnkrcaiuls? 




1 10. Upon what a 


ro the Gbres of the uuditotj ocrre disnribiiled in 


ihe Tcslibuie and reo 


liciTt^ulnmtiiUit? 


111. Whiitislho 


name of tliu remaining portion of ihe labjTiB^^^ 


and why so called? 


^^■H 


112. Tpuu what a 


re the fibres of the aadilor}' nerte di«lnb^^^^^| 


the cochlea? 


^^^^M 


1 13. Whui i»ru 


ire included in the inlrrmi tar t ^^^H 



) 



111. Wbai kiiidof teiisi1ij:it^ rcsidei in the Badiloryfierre? 
llj. What u the opening cuUed the oval ftnetlra, and whe 
Bitimled? 

116. Bynbntu thcovat feoeslracloied? 

117. What is (he iiseoflheoval fenestra? 

118. Wlioreis the cavitj of the lympamta ox dnim of the m 

119. \ih:ax a itifi membrane «/ the tuniMiaumT 

120. Uow are Doands iransmilled frum the tjmpanum lo Ihe ord 
fimestni? 

121. What are Ihe three liones of the chain, and why bo called? 

122. Which of tliem is atlached to the membrano of the Ijmpanuni, 
and which to ibe membrane of tlie oval fenestra 1 

123. What in contained in iLo cavitj of the ti-mpanum beiide the 
chain of bones? 

121. Wh7 mnit a drum alicavB commnnicate with the external nt- 



126. By what (^cning docs the tympanum of iheei 
with the exterior, and where is it situated? 

12G. What effect in produced by ohsfmction of the Eustachian luLe? 

1 27. Uow ia the membratie of the t;rmpanum reUxcJ and light- 
ened? 

128. Vniat a \\ie eiternnl auditory mtaint f 

120. How is it defended from the entrance of foreign bodies? 

130. What it the general tuna and ainiciure of the eilmmltarT 

131. What is its function? 
188. What ii the A(/ii f l!ie onft-Aduf the (roijti*^ the* 



g*it the condtat 
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133. In whkli of the lower nnimala are the eHerDal eara mnvabler 

134. What u the □»£ of Uiose movements ? 

135. UoiT do we judge of the direction of aoundi ? 
13G. Ho>T is the sense of hearing afiected by amtrati ofsonndi? 
137. What ii the elTect of the aame sound long continued ? 
1 39. Are the impreuioas of sound immediiitel y cvunescent, or da 

they remain for a certain period ? 

139. How ia a rniiiicafNotf produced? 

140. What muitbc the freqnenc)' of the tibrations in order to pro- 
duce a cotitinuous note ? 

141. What is the difference in the rBpidily of the ribrationa be- 
teen a high and a low note? 

142. What ds welenrn by the seriso of hearing? 

143. What kind of imprcsaioas are j>erceivod by the atnte o/wmittT 

144. What are thef/iecin/nrrMJof the sense of smell 7 

145. What U the origin, course, and distribution of the olfitctotj 
irves? 

14G. What is the form and direction of the nnsal patimgtiT 

147. With wbnt do they communicate behind T 

148. How are the]' separated from each otl.er ? 

149. What are the lurbinated bone; and why bo called ? 

I'lO. How many turbinated bones arc ibei-e in each nasal passage 
and bow are they distinguished from each other ? 

131. With what are the torhinaled hones covered? 

Iu2. Upon what part are the olfactory nerves distribated? 

163. In what part of the nasal passages does the sense i>( smtUn- 

le, and in what jiart the sense of lotir.li f 

134. What sGiiniiive nerve is distributed to the lower part of the 
noaal passages? 

Iti3. What is the difference between odort and jiangtnt capora f 

156. Name oxumples of each. 

157. What ganglion of the sytnjinthetic stslem is connected with 
Ae organ of smcU ? 

It'iS. Where is the ganglion of Meckel situated? With what other 
nerves is it connected, and where are its nerves distributed ? 

159. In what animals is the bqusq of smell more acute than in man, 
and why ? 

IGO. How does the sense of smell sene as ■ protectioti— in aok 
mats? in man 7 

161. WhalialhourgnnofWKe/ 
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1 69. Wlial ia the principal nernf of the cense of caste ? 

163. To what part ofihe toneiie is the guataiory nen-u dUlribaiedt 

1G4. What are the /la/iiV/ii of tho longue, aii<l where situated f 

ICG. What STB contained in the papilla of the tongue ? 

1 G6. What two oonditionB are essential to the sense or taste T 

167. How do the moeemtnti of the tongue assist in lb« aeiue of 



IE8. Wliat is the use of the sense of tasle? 

tC9, What is the compsTBtivo delicacy of taste and smell — in the 
tower anitnnls? inmnn? 

I TO. How does the sense of taste assist maslication and digestion 7 

171. What other sensibility resides in the tongue bedde that of 
taste? 

172. What Is the illlTeTeneD between the qnalilJes otla'lt, and those 
of pungency and the like? Give axsmples of both. 

173. What is an nrowafiV snbatance ? Givo examples. 

174. Uow does the bark /mri of the tongue differ from the front 
partf 

17J. By what nene is it supplied? 

176. What kind of sensibility is especially derelopeil in tbe back 
pfiTt of the tongnc ? 

177. At what point dues the seii^c oftnate terminate? 
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Defloition of Development. — Neivlr-bom Infinl — iu Weight— eoo- 
diiion of ita Skelelon. — Ossifii^iiEion of the Skeleton. — Spinal Cot' 
■nn. — SkulL — Foniandtes. — Pel™. — Long Bones. — Res)iiratioii 
of the Infant — its IKgCBliun and Xutrition — its Nervoiu Sja- 
tem. — Reflex Actions. — FormHtinii of the Teetli. — First Set. — 
Childhood.— MusciUur Sysiem of the CliilJ.— Nenous and Mental 
FarKtioiu. — Prepondeninre of the Instincts. — Formation of new 
Set of Teeth.— Yoolh,— Con tinned Oaaificaiion of the Sliolaton.— 
Union of tho Ilonca, — Completion of De\elopniflnl. 

215. The Process of Development. — llic Dcwly-lforn 
infant is in a very different condition I'roui that of a 
child or a grown-iip person. It is feeble, and entirely 
dcpeniJcnt on the care of others for its existence almost 
from day to day. Many of its organs arc very impei^ 
feet, and the form and proportions of ita whole body are 
different from those which it will aflerward acquire, 
The growth of the infant into the child, and of the child 
into the adnlt, ia not therefore simply an increase in 
wze. It is a series of changes in the condition and struc- 
ture of its various parts, by which it passes through as 
many different stages or epochs of existence. This se- 
ries of changes, by which the bodily frame is brought 
Bt last to the adult condition, is called its Development. 

210. General Conditios of ttie Infant st Birth.— The 
weight of the newly-born infant ia between six aiid 
■even pounds. The head and arms are larger, and the 
|>elvis and low^r extremities Emalter, in proportion to 
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eacli other, than in the adult The legs are curved \ 
ward at their lower pan, so that the eoles of the { 

i not horizontal, but look obliquely inward towfl 
each other. Even if the infant were strong enoujp 
therefore, it could not walk, since the feet would t 
test upon the ground by their soles, but by their outer 
vd^cs. Both arms and legs, also, are habitually curlt-d 
iBpward and forward over the chest and abdomen, ai 
ire not easily straightened. 

21 T. Condition of the Skeleton. — The skeleton atbUl( 
is soft and yielding, being composed, to a great extf 
of cartilage. Some of the bones have already begun 1 
ibow themselves in the interior of these cartilages ; I 
they are nearly all small and delicate, and many of tin 
»re still cartilftginoiis throughonl. The bony part! 
however, continue to enlarge at the expense of the a 
tilagc, until, at the end of some years after birth, t 
whole has been converted into the tissue of bone. Tliia 
gradual change of the parts from the cartilaginous to 
the bony condition is called the Oisijication of the sb 
eton. 

218. The Spinal Colmnn. — At birth each bone of ti 
•pinal column consists of three separate pieces, viK.,* 
ID front of the spinal cord, and one on each side I 
it. These piecsa are, of course, connected with e 
other by caililago, and thus envelop the spinal c 
with a series of soft and elastic rings. 

210. The Skull. — The bones ofthe skull are very tJ 
Wid flexible, and their edges are not yet united i 
«ach other. Tlie skull of the infant, therefore, is n< 
£rm and solid case, like that of the adult, but rather || 
llastic hag, formed of separate ]il.itc9, held together I 
Qie skin and fibrous membranes. A remarkable p 




iaritj' of ihe skull at this time is thai tliere are two open- 
ings ill its bony parts, one at the back and one ou the 
lop of the head, where the brain ia only covered by the 
skin and other soft tissues. These oi>eningB are called 
the l-bntantlUs, because we can feel the pulsations of 
the brain through them, like the bubbling of water in a 
fountain. 

220. Fonaation of the FontanelleB. — The fontanelles 
aie formed in this manner. The ossification ofihcbonea 
on the sides anil upper part of the skull begins by a 
rounded spot in the middle of each one. From this 
spot the ossification extends outward in every direc- 
tion, thus gradually approaching tiie edges of the bone. 
When two adjacent bones meet, therefore, there will bo 
a line where their edges arc in contact with each other 
but have not yet united; but when more than two 
bones meet in this way, there will be an ein])ty space 
between them at their point of junction. Thus, if you 
lay down three coins npon the table with their edges 
touching each other, there will be a three-sided spaco 
in the middle between them ; if you lay down four coins 
in the same manner, the space between them will bo 
four-sided. Now at the back part of tlie head there is 
a spot where tliree bones come together in this way, 
leaving a small three-sided opening between them : this 
is called the " posterior fontaneUe." On the top of the 
head four bones come together, leaving between them 
a large four-sided opening : this is called the " superior 
fontanelle." Tlie fontanelles gradually diminish in size, 
owing to the growth of the bony parts around them, . 
and are completely closed at the age of four years after 
birth. 

221. The Pelvis and Limbs. — The pelvis is also, at first, 

Q 
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in great measure cartilaginous, beiog composed, on 
each side, of three separate pieces of bone, with layers 
of cartilage between them. These three bouea of the 
pelvis meetf in a kind of triangular union, in the oaTitj 
of the hip-joint. 

The bones of the arms and legs, at the time of birtli, 
are only ossified in their middle portion, their two ends 
being still cartilaginous. The wrist is altogether car- 
tilaginous, and the anklo nearly so. Owing to this pre- 
ponderance of cartilage, the bones arc eofX and flexible. 
It is evident, accordingly, that the skeleton of the in- 
fant is not yet fit to sustain the weight of the body,nor 
to resist a strong muscular action. 

222. Ore:aiiB (^ Beepiiation. — The function ofrespira- 
tioa is very imperfectly performed for some time after 
birtlL The lungs do not fully expand at once, and the 
air only penetrates into all the vesicles of their deeper 
parts allcr an interval of several days. To compcDsale 
for this, however, the skin is very delicate, transparent, 
ruddy, and vascular; and respiration, no doubt, takes 
place through it as well as through the Inngs. Accord- 
ingly, the infant is more sensitive to cold than an older 
person, and the warmth of the body needs to be more 
carefully prcser^'cd by sofY clothing and artificial heat. 

223. Organs ofNatrition. — On the other hand, the 
functions of digestion and nutrition arc exceedingly ac- 
tive. But the infant takes only one kind of food, vie., 
the milk of the mother; and this fluid, as we haro seen 
in a former chapter, contains all the materials necessary 
for the nourishment of its body. This food must be 
giveninabundancc,but at short intervals; for the stom- 
ach can not digest a large quantity at a time, and tber*_ 
fore requires it to be more frequently supplied. 
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^P 224. Nervous SyBtem. — The nervous Bystera of the 
■^ young infaul is in a peculiar condition. The special 
senses, the eight, hearing, smell, and taste, are all imper- 
fect, and comparatively inactive. Tlie conseiouancBS 
and the will are also feeble, and the intelligeoco is still 
dormant. The involuntary and reflex actions, however, 
are highly developed. The movements of the arms and 
legs, and the various intonations of the voice, are near- 
ly all of a reflex nature, mostly performed by the ac- 
tion of the spinal cord and medulla oblongata. A large 
portion of the time is spent in sleep. For it is espe- 
cially during sleep that the functions of nutrition go on 
with the greatest activity and the tissues are consol- 
idated Iiy the assimilation of the food. The busineee 
of the young infant is to feed and grow, and the ac- 
tion of his nervous system is almost entirely subservient 
to these two fimctions. Ho does not understand ar- 
ticulate language, nor notice its sounds sufficiently to 
remember or repeat them ; and he ia therefore called an 
infant, from the Latin word infaiiB, which signifies " not 
speaking." 

225. Appearance of the Teeth.— Within the first year 
after birth the Teeth begin to show themselves. For 
the infant, after a time, has acquired so much strength, 
and the diflerent parts of hia body are so fnlly devel- 
oped, that he will soon need food of a more solid form 
Bjuid greater variety. He will then require the organs 
itf mastication, and these organs, accordingly, begin to 
be developed in advance. The incisor teeth are the 
first to emerge from the gums in the seventh and eighth 
months. At the end of a year there is one molar tooth 
on each side of each jaw, making four in all. At a year 
nd a half the four canine teeth appear ; and at two 
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years of age four other molar teeth are added to the 
preceding. Tliere are then twenty teeth in all, or ten 
in each jaw, viz., four incisors, two canines, and four 
molars. They are all email, however, and arc adapted 
to the BiKe and form of the jaws at this ago. They are 
called the Milk lect/i, bocawee they appear while the in- 
fant is Btill fed principiilly npon milk. 

220. Transition tnm Infancy to Childhood.— At the 
age of two years the infant lias so far increased in 
muscnlar strength, and his skeleton baa become so firm, 
that he can walk without assistance, and no longer re- 
quires the constant care and attendance of others. His 
teeth and digestive organs etaablo him to consume a 
variety of solid and nutritious food. Ilia nervous sj-s- 
tem has also emerged from its condition of lethargy, 
and his senses are actively engroased with surrounding 
objects. Finally, he has learusd to understand and to 
speak articulate ianguagv. He is then no longer an in- 
fant, but a child. 

227. Onnrth of the UnedeB during: Childhood.— The 
term of childhood extends from the age of two years to 
that of thirteen. During this period the muscular sys- 
tem becomes actively developed; and the skeleton, 
though still imperfectly consolidated, is sufficiently 
strong to perform its function with the light weight of 
the body at this age. The child accordingly takes the 
greatest enjoyment in the active sfiorts, in which he 
feels the increasing vigor of his muacles, and the free- 
dom and agility of his limbs. Kothing is more appro 
priate or more useful at this age; for the frame is now 
being developed, not by passive ft'cding and care, as was 
the case in the infant, but in great measure by the nat- 
ural and aclivo exercise of its own powers. 
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228. SevelopmeDt of the Benses. — Tho nervous Bjatem 
acquires aa (.-ijiial duvL-lopincnt, aiiU the mental quali- 
ties at the same time become more active. Tlie child 
Icnms rapidly, nnd h interested in every thiag around 
bim. But it is principully in the cultivation of the 
8enie» that he gainn iot'onuation. He leama the names 
and the forma of things, the meaning of words, and the 
employment of all the objects in common use. This 
biowledi^e is not acquired by steady mcntul applica- 
tion, which would be injurious to him at this age, but 
by the exercfao of the senses, which are now, for the 
first time, endowed with their full vigor and seusibilily. 

229. Activity of the Instincts. — The nen'ous system 
of the child is also distinguished by the active prepon- 
derance of the JitstincU and the Impulses. It is by 
these that his actions are guided ; and therefore, though 
his movements and acts are all voluntary in their na- 
ture, they do not, for the moat part, depend upon the 
reasoning faculties, which are still imperfectly devel- 
oped. Accordingly, the child is to be governed princi- 
pally through his instincts and feelings, which should 
be guided in a healthy and natural direction. The do- 
minion of reason comes at a later period, when the en- 
tire development of the nervous system is complete, 

230. ChwigeofDentition.— During the period of child- 
bood a remarkable change takes place in the organs of 
mastication. It consists in the entire removal of the 
first set of teeth, and the appearance of a second or pei^ 
manent set, which take their places. This change is ef- 
fected in the following manner. 

At the lime of birth, although no teeth are to be seen, 
there is still a complete set already existing in the jaw. 
These teeth, however, are not yet ossified, but consist 
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each of a Goit vascular protmnence, or papilla, called 
the^^ oflhu tooth, which is inclosed in a little sac or 
follicle, and baricd deeply in the subBtancc of the jaw. 
The nppcr Burface of the pulp is covered with a very 
thin layer or crust of calcareous ti8aue,which is the com- 
mencenteut of the bard Bubatance of the future tooth. 
As tho pulp of each tooth iDcrcases in size, more and 
more of it becomes ossified, nntii at last it is ready to 
emerge from the gnm. The teeth then make their ap- 
pearance in the order which we have described above, 
IhuB completing the first set at the end of two years. 

But, at the same time, there is another set of similar 
follicles and tooth-pulps, fonned deep in the substance 
of the jaw, behind those of the first seL These tooth- 
pulps, however, are very small, and remain dormant, or 
grow very slowly during the first years of childhood. 
But about the sixth year they begin to grow more rap- 
idly. Their ossification also goes on with a correspond- 
ing activity, and they then begin to push their way to- 
ward the surface of the gum. They thus press upon 
the others, which yield before them, grow loose, and 
are finally detached. The first set are thus thrown 
off from their attachments to the jaw, and disappear. 
This process is called the Shedding of the milk teelh. 

As tho milk teeth are thus removed, they arc replaced 
by the new teeth of the second set, which soon after- 
ward emerge behind them. Tlie teeth of the second 
Bet, however, are different from those of the first. They 
are harder in teiture, and some of them are of larger 
size. Thev are also more numerous ; for, instead of 
the twenty teeth which composed the first set, there 
are now thirty-two. This is because (here are at this 
time three oew permimeDt molars added on each side 




ef e»ch jaw. Tlie jaw itself also increases in size, to 
accomtutKlate the larger number of teeth which it con- 
tainB. 

The shedding of the milk teeth begins about the age 
of seven years. During the seventli and eighth years 
the incisor teeth are changed, and replaced by those of 
the permanent set. In the ninth and tenth years the 
two mohir milk teeth are thrown off, and replaced in a 
similar way by the two anterior peimancnt molars ; and 
in the twolilh year the canine teeth are changed. The 
first of the three posterior molar teeth has already made 
its appearance; and in the thirteenth year the second 
emerges from the jaw. There remains only one, viz., 
the third posterior molar, or the last tooth in the back 
part of the jaw on each side. These teeth only appear 
from the seventeenth to the twenty-first year, and are 
therefore known by the name of the " wisdom teeth." 
They complete the development of the masticatory ap- 
paratus. 

With the exception, therefore, of the third posterior 
molar or " wisdom" tootb, the entire change from the 
' first to the permanent set is accomplished during thft j 
I period of childhood. I 

P 231. Transition fttnn Childhood to Youth.— To the pe^l 
riod of childhood succeeds that ofYotitli. During this 
epoch the consolidation of the skeleton goes on, and is 
particularly distinguished by the union of the different 
parts of the bones with each other. Thus the three 
bones of the pelvis on each side become united into one 
from the thirteenth to the fifteenth year ; and the con- 
solidation of the ends of the long bones of the arms and 
legs with their middle portions is effected generally 
from the fifteenth to the twentieth year. At the same 
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time, these bones assumo the form aiul dimensions which 
are characteristic of the adult, and the posture aud 
jnovementa acquire more tirmness and solidity. Tliu 
general development of the skeleton and limbs may be 
said to be terminated at the age of twenty yours. 

■232. Completion of the Process of Development — Dur- 
ng the period of youth the nervous system bceomeii 
fully developed, and the meulal powers are cxcreised 
with greater freedom than before. Tlie youth begins 
to prejMtrc for the active occupations of life by regular 
and continuous study ; and the eommeuciiig supremacy 
of the reasoning faculties enables him to nuderstaiul, 
not only the sensible qualities of surrounding object?, 
but their relations to each other, and the mauucr in 
wliich he may employ them for useful purposes. Tho 
body also acquires at this time a different appcaraiiue, 
and the pi-oportiona of its various parts are altered. 
The limbs are stranger, and the joints comparatively 
smaller than in the cJiild; and many of the iiilemal or- 
gans become altered in their size and weight, as com- 
pared with that of the whole body. Thus both the 
anatomical structure and the physiological actions of 
the bodily fi-arae, having passed successively through 
their different stages of preparation and grewth, arrive 
at last at tho fully developed and adult conditioo. 
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childhood? 

29. How doea the child leam mon t*a\>/ and proGlaUy? 

SO. What nenoui aciioni are moat fuU; dereloped in ibe cbiM ? 

3t. What change takes place daring rhildhood iu the organi of 
fOBilicalion ? 

3:'. What is the next period to that of clii1ilhoo>i ? 

33. What especial changes lake place in the ikelelon daring the 
pericd of yoath ? 

31. When nre the three hoaes ofthe/x/tiu nniled? 

n.i. When do« Ibe coiuolidution of the long bonea of tbi 
;eg> take pince ? 

3(>. At what age is the genernl •lovelopmeni of ihe body camplet*|9 
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CHAPTER XIX: 

ANATOICT OF THE nUUAN I 

Thk difTercnt pnrts of which tbc human body is com- 
posed arc BO mnny Or'jatta, each of which has its ap- 
propriate fuuctioii to perform, as explained in the In- 
trodaction (p. xiv.). But many of these organs resem- 
ble each other in their texture and composition, and 
lifier only in their external form and their position in 
the body. All the muscles, however different in size or 
■hape, are easily recognized 33 muscles by their testure 
and their contractility. Ail the bones have the same 
obaracters of solidity and minute strncturc, whether 
they be long and round, like the bones of the arms and 
legs, or broad and flat, like those forming the sides of 
the skull, or irregular and projecting, like those of the 
spinal column. Thus aU the organs of the body which 
,vc the fiame structure and pei-form the same kind of 
function are naturally associated together into groups 
or »ystern», which receive their name from the structure 
or function of the organs composing them. All the 
bones, taken together, form the " bony system," or akel- 
elon ; all the muscles, the " muscular system ;" all the 
nerves and nervous organs, the " nervous system," Be- 
'Vde the anatomical description of special organs, as 
'fjiven in the foregoing chapters, it will be useful to 
■tndy them according to their arrangement in distinct 
•ystems, and aa they are located in the great cavities 
the body. 
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Bony Bystem, or Bkeleton. — ^The principal fcatnrcs of 
llie structure of the bones, and of their mode of con- 
nection to form the skeleton, have been given in Chap- 
ter I. The skeleton ia fuiibermore naturally divided, 
for purposes of study, into the different regions of ibe 
lie.id, the trunk, and the limbs. 

The Head. — The part of the skeleton formini; the 
lii'itd is tbe most complicated of all. It is called the 
"Skull," and is composed of twenty-two bones; all of 
wbicli, with one exception, fire firmly interlocked with 
e.ieli other by pnyeclirig points and ridgep, so as in 
form a Bolid, unyielding fabric. The bone which i« 
not thus firmly interlocked with the rest is that of the 
lower jan'. This ia articulated with the solid part uf 
the sknti by two joints, one on each side, which arc so 
arranged us to allow of considerable motion between 
the bony surfaces. Thus the bone of the lower jaw i-t 
the only movable one of those making up the sknil; 
and its articulation, or joint, is of such a kind that it 
has a free up and down motion, and also a less exten- 
sive movement from side to side. When we open and 
fhiit tbe mouth, therefore, it is always done by the 
downward and upward movement of the lower jaw ; 
the upper jaw remaining stationary. If the ends of 
the fingers be placed against the sides of the head, a 
littlo in front of the opening of the ears, while tiie 
mouth is alternately opened and shut, the movement 
of tbe joint of the lower jaw at this situation can \tc 
readily felt. 

The bones of the skull are furthermore divided into 
two groups, namely, first, those of the /(ice, consisting of 
the jaws, the bones of the checks, the nose, and the pal- 
are; and, secondly, those of the Cranium, which inclose 
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the brain in a t^ort of round- 
ed case, or <lomc - eliaped 
expansion. Tiie upper and 
front part of llie skull, or 
forehead (Fig. 88), U form- 
eil by the Frontal bone (1). | 
Iiiiinediittely beneath it a 
Heeii two qiiadrauirular e 
ciivaliona, one on eacli side, 
in wliieh are situated the 
eyeballs, with their mitit- 
cles and other eurrounding 
parts'. Tliesc arc the Orbita 
of the eyes. Beneath them 
are the two bones of ilie Th« Sknii 
Upper jaw (2, 2), joined in ^^i'^vl-.TcbL-it'^HHlitT^s^ 

.1 -J 11 3 . ' rdl bono: 0^ Fanelal buue. 

the middle, and contain- 
ing implanted in them the upper teeth. The double 
opening for the nostrils ia placed a liltle above their 
middle portion, and is limited at its upper part by the 
two small bones forming the bridge of ihe nose, situated 
Iwtween the orbits of the eyes. The inferior part of the 
Ihce is formed by the single bone of the Lotnerjuw (S), 
hearing the loni-r teeth. At the side of the skull is 
placed the Ttinjioral bone (5), wilh a part of which the 
lower jaw is connected by its joint, while the other part 
forms the bony wall of the temples. Farther back on the 
Hide of the skull is the great Parietal bwie (0), consti- 
< tilting the main portion of the lateral wa!lK, or parietes, 
l«f the skull. The back p.irt of the skull, not visible in 
■ Vig. 06, is formed by a rounded expansion, called the 
** occipital" bone. 
Th» Tmsk. — The trunk, or body, of the skeleton con- 
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Bists of the S^nal column, described on page 21, with 
tho Kills which are attached to it in the regioa of the 
thest, and the Pelvis, or double hip-bone, which is 
closely united wilh its lower portion. All the bones 
of the spinal column are slightly movable apon eaeli 
iither, but their mutual attachments are at the enme 
time 80 strong that they are prevented from becotnin:^ 
displaced to any considerable extent. The naturiil 
movements of this part of the skeleton are, therefore, 
movements of the spinal cohimu as a whole; consibl- 
iiig of continuous curvatures backward and forward, or 
from side to side, in which each jarticular bone movcH 
hut little, while the bending of the whole column is 
niade up of the combined movement of many contigu- 
ous parts. The ribs, on the other hand, arc movable 
by means of the joints by which they ara articulated 
with the spinal column. Gy their alternate elevation 
and depression, they increase or diminish the capacity 
of the chest, and thus cause the entrance and expnl- 
Bion of the nir into and from the lungs in the act of 
breathing. 

The bones of the pelvis are immovably consolidated 
with the spinal column, since their office is to inclose 
and support the internal organs, and to afford a firm 
support for the arlieiilation of the lower limbs. 

The Limbs. — The bones of the upper and lower limbs 
resemble each other very closely in their form and ar- 
rangement. In both instances, the first port of the 
limb, connected with the body, consists of a single 
large and strong bone, followed by a second portion 
consisting of two bones placed side by side ; after 
which comes a third portion, forming the wrist and the 
ankle, made up of seven or eight irregularly rounded 
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or an^lar-sliaped bones ; and, finally, tlio boncB of tlio 
hand and foot respectively, arranged in five series, of 
three or four bones each. 

In the upper limb, the firet 
portion is the If-imerii», or upper 
arm -bone, extending from the 
shoulder to the elbow-joint. The 
second is thnt of the fore-arm, 
between the elbow and wrist 
joints. It consists of two lot 
and nearly parallel bones, vi 
the MadiuB, which bears at its ^ 
lower end the wrist-joint and 
the hand, and the L7na, which 
in, at its upper end, esjKciaily 
ooncerned in the formation of 
the elbow-joint where it ia ai^ 
ticnlatcd with the humerus. 
The tliii'd division is that of the 
wrisl, or Carpus, composed of eigiit small bones, closely 
fastened to each other, and making a joint with the 
lower end of the radius. Finally, the palm of the hand 
and the fingers consist of five ranges of long bones, ar- 
ticulated end to end; each range for the fingci'a con- 
taining four bones, that for the thumb only three. 

In the lower limb the firat division, from the hip to 
the knee, is formed by the Jemwr, or thigh-bono (Fig. 
S). The second division, from the knee to the ankle, 
contains two long and parallel bones ; namely, the Tilh 
«Ct,or shin-bone, which is the larger and stixtngcr of the 
two, and is directly articulated with the end of the thigh- 
bone above and with one of the ankle-bones below, and 
the^PUufo, or splint-bone, which is quite slender in com- 
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parison, and is f3Slene<l lo the oatslde 
of tlie tibiii, liko a spliDt. Tlie third 
divisioD of the lower limb includes ibe 
bones of ibe Tarsus, or ankle-bones— 
en in number, soniewbat similar to 
i tboso of tlie car|mH, but larger nm! 
stronger. Lastly come the bones of the 
instep and toes — fivD ranges of bones 
con-ospoiiding to the five toes; the 
range for the grent toe, like that for 
the thumb, containing only three suc- 
cessive bones, those for the other toes 
conlaining fiinr bones each. 

The mnin difierence between the up- 
per and lower limbs is in their mode of 
attachment to the tniiik. In the lower 
limb, the head of the thigh-bone is ar- 
ViXp'n'ud TMit'*' ^'""'"tf^. ^y " <lpcp joint, with the 
solid and immovable pelvis, thus af- 
iirding a firm support to the weigiit of the body 
led above it. In the upper limb, on the con- 
trary, the head of the humerus is articulated by a shal- 
low joint to a broad flat bone, the Scapula, or shoul- 
der-blade; which is itself movable, being attached only 
by muscles at the iip|>cr and back part of the trniik. 
If the naked human figure be viewed from behind, while 
the arm is moved freely upward and downward, or 
swung round in a cii-cle, the movements of the shoul- 
der-blade beneath the skin in this situation are readilv 
perceptible. Tliua the bony frame-work and articula- 
tions of the lower limb arc adapted to secure firmucsa 
of support; those of the upper limb to pmdui 
dom of movement. 
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Mnaenlu Sjitem. — T>jg muscles are bunillcs of fibres 
wliich have ihe power of contracting or ehortening 
tliciuselres at will, as ilescribed on page 26, so as to 
produce moveinunls in various parts of the body. Tliey 
are arranged Bometimea In the form of thick, rounded 
cords, BometinieB in the fonu of flattened layers or 
sheets, extended from one point or line of attachment 
to another. Most of them serve to produce movemenla 
of the body or limbs by drawing u|x>n the bones to 
which they are attached, and thus bending or strught- 
eniag the intervening joints. Some of them, for exam- 
ple those of the face, have one point of attachment to 
a solid, immovable bone, the other to the movable skin 
or other soft part near the surface, so that by their 
action they cause a change of position in the checks, 
lips, or eyebrows, and thus modify the expression of 
the face. 

The principal musclea of the head and face are shown 
in Fig. 71 (p. 378), On the front, lop, nnd back part 
of the head, immediately undemcnth the skin, is the 
OccipUo-ffotUalU {] ,2,3), or scalp muscle. It is so called 
because it originates from the occipital boue behind, 
and terminates in the frontal region, where it is in- 
wrted into the skin of the forehead nnd ej-ebrows. It 
therefore moves the scalp backward aiul forward, and 
especially the eyebrows up and down. Around the 
opening of the eyelids, on each side, there is a circular 
or Orbicttlar muscle (4), the contraction of which closes 
the eyelids by bringing together their upper and lower 
edges. The contrary movement of opening the eye 
is perfoiTUcd by raising the upper eyelid, as described 
on page 336, by means of another muscle, not seen 
'4n Fig. 71, which draws it upward under the roof 
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^K. n. of the orbit. On the 

front of the nose there 
are two miisek-s (5, 
6), the Pyramuifit aud 
Compresiorniuscica of 
the nose, which eerro 
respectively to draw 
down the skin bctwcea 
the eyebrows and to 
compress the sides of 
the nose. 

The Orbicular mus- 
cle of Ihe tiwuth (7) 
is a tnuscio furnicd of 
*'"*r-V'o"w"i£ curvilinear fibres sur- 
roundiiis the mouth. 
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iitcDiu miiKia of tha tdodui: 8,B,io,iL und servinc to close 

Miueta* drtwisg upward Uig w<p|[ uf (he '^ 
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the comer ofthe mouth are drawn upward by means of 
several ribbon-like muscles {8, 0, 10, 11), inserted into 
the corresponding soft parts below and into the bones 
of the face above. The corner of the mouth and the 
lower lip are drawn downward by two muBcles (12,13), 
having their inferior attachments to the front part of 
the edge ofthe lower jaw. 

The lower jaw is moved against the upper jaw, in 
the movements of biting aud mastication, by a strong 
muscle, the Ma»seifr (14), which arises from the cheek- 
bone above, and is inserted into the side of the lower 
jaw-bone below. This movement is aided by an- 
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^VflUier deep-seated masclc, not Geen in the fignre, the 
flesby part of which occupies the region of the tem- 
ple, and is, therefore, called the "temporal mascle." 
There are also, on each side, two other still more 
deeply seated muscles, which by their contraction give 
to the lower jaw its griodiog movement from side 
to eide. 

Finally, there are three mnscles (IS, 16, IT), which 
are placed respectively in front, above, and behind the 
extenial ear, and which tend to move it in the corre- 
sponding directions. As a general rule, in man these 
muscles have no perceptible action in changing the po- 
Bitton of the ear; but in most of the domesticated ani- 
mals, as the horse, sheep, dog, and cat, they are very act- 
ive,and can move the ear at will forward, backward, 
or outward. 

Tlie muBcIes of the T^nk, that is, of the chest and 
abdomen, consist generally of broad sheets of muscular 
tissue, which envelop the cavities of these parts, togeth- 

^er with some which are attached to portions of the shonl- 
der and upper arm. 
In a front view of the muscles of the trunk (Fig. T2,p. 
380) there is to be seen at the upper pari, the Great pec- 
toral muscle (l), which arises from the middle and front 
part of the walls of the chest, and from the inner portion 
of the clavicle, or collar-bone (3). Its fibres pass out- 
ward, converging from above and below, and are insert- 
ed by a tendinous band into the upper arm-bone near the 
shoulder -joint. These muBclea, which are large and 
[ powerful, bring the whole upper limb inward and foi-- 
rard, as in the movement of folding the arms across 
the chest. Underneath them are situated the Ziltk 
pectoral muscles, one of which is shown in Fig. li at 
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4 ; and which oi'iginate on each side fi'om the point 
of the shoulder-blade in front, and ran downwai'd and 
inward, to he inserted into the third, fourth, and Eiih 
ribs. They aid in the elevation of these ribs, nnd tbns 
in the expansion of the diext as a whole. 
The liftiDg of the ribs, and the cxpanEion of the chest 
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!n respiration, ia mainly provided for, as sliown at page 
167, by ihe action of the Intercotlal miisules (5), or 
those aitualcii between the adjacent ribs. As their 
bame indicates, these nnisclus are esteiided from owe 
rib to another, filling up the Bpaces between them, and 
by their contraction rotating tlic ribs outward and iip- 
trard. This expands the chest in its lateral dimen- 
■ions, and makes room for the entrance of air into tho 
eaviticB of the lungs. 

The outer walls of the abdomen are formed princi- 
pally by a broad, flat muscle, which is called, from its 
position and tho oblique direction of its fibres, the Ex- 
ternal oblique muscle of tho abdomen (6). Tlie fibres 
of this mnscle ariec from the outer surfaces of the eight 
lower ribs, run obliqnely downward and forward, and 
terminate partly in the upper edge of the hip-bone, and 
partly in a fibrous sheet on the front part of the abdo- 
men, just beneath the skin. Underneath the last-named 
muscle is the Internal oblique muscle of the abdomen 
(7). Its fibres arise from the upper edge of tho hip- 
bone, and from the tendinous expansion situated along 
the sides of the spinal column in the region of the loins. 
Thence ihcy diverge forward, downward, and upward, 
and are inserted principally into the tendinous tissue 
running along the middle line at tho front part of the 
abdomen. The walls of this portion of the trunk are 
completed, in front, by a straight, band-like muscle, 
the Straight tniiacle of the abdomen (8), running from 
above downward on each side of tho middle line, and 
incased, before and behind, for the greater part of its 
length, between two tendinous expansions, which act 
48 a sheath for the muscular tissue. All three of these 
tnnsclcs serve to inclose and support the internal or- 
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ng.TS. gasB of the abdomen, to compresa 

them when in active contraction, and 
to bcDd the body forward at the 
loins. 

The tnusclcfl of the Upper Utub 
consist of a variety of bundles of 
miiiiculai' tissue, atladicd, above and 
below, to the difl'erunt bones of the 
upper arm, the fore-arm, the wrist, 
thumb, and fingers. The largest 
and most important of those which 
bend the thumb and fingers, and 
thus enable us to grasp solid bodies 
with the hand, are attached above 
to the lower end of the humerni), 
and to the two bones of the foro- 
ami, viz., the r.idins and ulna; and 
terminate belotv in long, smooth, 
slender, cord-lihc tendons, which are 
sertcd into the bones of the 
\ thumb and fingei-s. Those which 
bend the whole hand at the wrist- 
joint, and those which bend the 
■I middle joints of the fingers, form 
1- mainly the external fleshy mass nt 
'f the upper part of the fore-nrm, 
i" just below the elbow. Underneath 
[- them, as shown in Fig. 73, is n 
wiib iu fiogis tcDdoD.' more deep-seated set of mnscles, the 
tendons of which pass downward quite to the last 
joints of the fingers and thumb. One of these, the 
Deep jlixor of tkt fingers (4), divides into four long 
and slender tendons which run over the wrist, where 
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they are bound down by a tiansvcrae fibrous band, thi'ii 
throngh the palm of tbo hand, and lastly to the ends 
of the four fiugera. Another, the Lonif Jlexor of the 
tA>t>tib (5), terminates in a single tendon, which foll< 
a similar course, but is inserted separately into the last 
joint of the thumb. Besido these, there are 
other shorter muscles at the lower part of the fore- 
arm and in the palm of the hand, 
which regulate the associated or in- 
dependent movements of the hand, 
thumb, and fingers. 

The muscles of the Lower limb 
are arranged in general upon a plan 
similar to that in the upper limb. 
The muscles moving the hip-joint 
are attached to various parts of the 
hip-bono above and to the thigh- 
bone below. Those which bend or 
straighten the knee have their in- 
ferior attachments at the front or 
back part of the leg-bonea respec- 
tively. On the bauk part of the leg 
are the thick fleshy masses which 
form the "calf of the leg," and 
which lift tfie heel by the strong 
tendon known as the "tendon of 
Achilles," already de sen bed on 
page 32. On the front and sides 
of the leg there are also {Fig. 
74) various muscles, which termi- 
nate below in slender bnt strong 
tendons, inserted into the hones 
of the toes. The movements of 
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the foot and loos differ from those of tlie hftnd sod 
fingers, principally in being more powerful, owing to 
< the greater size of the muscles of the lower limb; 
and also in being more simple, having less variety 
of direction, and comparatively little independent ac- 
tion. As a rule, the whole fool and the toes move 
together, while the hand and fingcni arc capable ot 
[leribrming a greater variety of separate movetneols. 

Orgailfl of the Chest— The principal oi^ans contained 
in the cavity of the cheat are those of circulation and 
respiration, or the heart and lungs. 

The Lungs occupy the greater part of the thoracic 
cavity, and have the form oq each eide of a moi-e or 
less i¥gular cone, with its broad base below resting on 
the diaphragm, and it^ rounded apex above projecting 
a little beyond the level of the first rib, into the root 
of the neck. The surfaces of the lungs are rounded in 
front, behind, and at the outer sides, corresponding with 
the form of the cavity of the chest; internally, or to- 
ward the middle of the chest, where they face each 
other, they are flattened, or even somewhat excavat- 
ed, to allow space for the heart, which lies between 
them. 

The texture of the lungs is light and spongy, owing 
to the ramification of the bronchial tubes and the air 
vesicles disseminated throngh their substance, as de- 
scribed on page 162. In the upper portion of the chest, 
the trachea divides into two main air channels, the right 
and left bronchi, which penetrate the back part of the 
corresponding lungs, and then treak np, in their inte- 
rior, by successive divisions, into the final tubes and 
air vesicles of the pulmonary tissue. Each lung is di- 
vided into two parts or lobes, an upper and h 




; from behmd forward, and from I 
above downward. The right lung is further subdivid- I 
cd by a second fissure, which separates its nppcr lobs i 
into two unequal parts. The onter surfacQ of tb* I 
lungs, ill a healthy condition, is of a pinkish gray color, ^ 
marked with various spots ao<] etreaks of black. It alM 
showe, more or less distinctly, the outlines of the small 
itiuljles into which its tissue is divided ioteraally. 
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^f The Jfeart is a hollow muscular ornan, of a conical 
form, occupying nearly the ceiitrnl part of the chent, 
but placed obliciucly, so that while its base looks np- 
ward and backward, its point or apex is directed down- 
ward, forward, and to the lefi. Of the four cavities or 
R 
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cbnm bet's of tlie heart, as described on page 1 83, the 
right ventride and light auricle arc placet! more in front, 
iu the natural position of the organ, ttiu kit ventriclu 
and auricle rntber more behind (Fig. ?5, p. 385). Thu 
great blood-vesseU leading from the heart are conntci- 
ed with its upper portion or base ; the pulmonary artery 
(3) passing off from the right veiitrick-,aiid sending its 
blanches, right nud left, to the two luugD; and the 
aorta passing off, in an arched form (4), from the ventri- 
cle. The whole heart is incased iu a strong fibrous 
sheet, or envelope, called the "pericardium," which 
surrounds the organ loosely, in euch a manner as uot to 
confine its movements, and yet 10 isolate it from the 
neighboring organs. The space between tlic heart and 
the pericardium is oceiipicd by a thin layer of wateiy 
fluid, which serves to lubricate the two opposite sur- 
lUccs, and allow thcui to glide easily upon each other 
in the various movements of the organ. 

The pulmonary veins, after collecting the blood froin 
tlie dificreiit regions of the lungs, pass inward to iha 
base of the heart and discharge their contents into the 
left auricle. The aorta, after curving iu au arched form 
over the right honEontal branch of the pulmonary ar- 
tery, and giving off the arleries to the head and up- 
per limbs, bends downward, and continnca its ooursa 
through tlio back part of the chest and abdomen, sup- 
plying the muscular walls of these cavities, the varioua 
inliTual organs, and tlio lower Hmbs. 

Organs of the Abdomen.— The abdomen is the grvat 
cavity of the body riLiiatcd beneath the diaphragm, 
and inclosed between the spinal column behind, the 
muscular walls in front and nt tlic sidt'i>,and llio pelvis 
below. It contains the greater part of the alimentary 





canal, namely, tbe Btamach,with the small ani large in- 
testines, and certain accessory glamlular organ?, such 
ss t!ie liver, the pancreas, the spleen, and tlic kidneys. 
Its internal surface is lined by a thin, smooth mem- 
brane, the "peritoneum," which is reflected more or 
less completely over the external surface of the organs 
contained within it, so that, in the various movements 
of the parts, these organs glide easily over each other 
without friction or irritation. This easy movement 
of the contiguous surfaces of the peritoneal mem- 
brane ia fnrlher provided for by a minute quantity 
of watery and albuminous liquid included between 
them. 

7Ae Stomach. — The stomach is a flask-shaped dilata- 
Uon of the alimentary canal, placed crosswise in the np- 
per part of the abdomen, and directed somewhat ob- 

Flg-TU. 
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liqucly from above dowuward, from behind forward, 
and from right to lefL It receives above, as ebown 
in Fig. 76, tlie lower end of ihe oesophaguB, or gnl- 
!ct (l),wliicb opens directly into its cavity. Toward 
tiie lel^ it enlarges into a rounded expansion (2), the 
" great poucli" of the stomach ; while toward its right- 
hand CKti-emity (3) it gradually contracts into a nar- 
rower and tnbular form. The whole oi^an presents a 
curvature as it lies in the abdomen, the convexity of 
which is directed downward and forward, the concav- 
ity upward and backward. At its right-hand CKtrem- 
ity it communicates with the npiier part of the small 
iniestine by a constricted orifice called the " pylorns." 
TluB name, which significa "the gaic-keeper," is givt-n 
to it on account of a strong circiibr hand of muscular 
fibres existing in this situation, by wliich the orifice id 
kept closed until the food has been sufficiently digested 
in the stomach to be ready for passage into the small 
intestine. 

The Small intestine is a long but narrow tnbular ca- 
nal, which passes, with many windings or convolutions, 
from the pyloric end of the stomach to the lower and 
right-lmnd region of the abdomen, where it communi- 
cates with the beginning of the large intestifie. The 
Btnicture of its lining membrane, the nature of its se- 
cretions, and its action upon the food, hare been de- 
scribed on pages 109 and 113. Its upper portion, eight 
or ten inches long, ia called the "duodenum" (Fig. i6 
[5]), front its being equal in length to the breadth of 
about twelve fingera. It is distingnishcd by being 
rather wider than the rest, and from its reeeiviug the 
termination of the ducts from the liver and panore aa 
at abont the middle part of its course. Ke.irly ) 
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wliolo of tho small intestine is conipietely invested by 
the pei'itoiieum, and is loosely retained in position by a 
broad membranous band. called tlie "mesentery," rtin- 
iiing from its posterior border to the solid walls at tbc 
back part of the abdominal cavity. 

TheXar^e intestine, as its name implies, is mach wider 
than the preceding portion, though infenor in length, 
and makes the circuit of the abdominal cavity, as filioHii 
in Fig. 18, from its camuiencument or junction with the 
small intestine to its outlet at the lower part of the 
pelvis. Its form is distinguished from that of the small 
intestine by three longitudinal ribbon-shaped bands, 
and by nnmcroua tranavei-ae constrictions, crossing tho 
bands at short intervals, and giving to its external sur- 
face the ttppeai'niiee of a series of lateral pouches or di- 
latations. At its commencement and termination it is 
firmly fixed in position by the peritoneum, which ex- 
tends over it; in the intervening portions it is more 
loosely attaulied by a broad band similar to the meaeii- 
tcry of the small intestine. 

Liver. — Tho liver is the largest oigan in the abdo- 
men, being ihiek and solid, and measuring about twelve 
inches from side to side. It is of a ruddy brown color, 
and situated at the extreme upper part of the abdom- 
inal cavity, immediately beneath the diaphragm. It 
occupies mainly the right side and middle of this re- 
gion, but extends also partly into the left side. It is 
maintained in position by membranous bands running 
in various directions from its upper and under surfaces 
and its posterior edge to the walls of the abdomen. 
Its upper surface presents a nearly smooth curvature, 
liraken only by one of the bands of attachment cross- 
ing from its posterior to its anterior edge. Its under 
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■tiriace, on the other bsnd, is broken by various fissures 
into a number of partial divisioiiB or lobes, as eeen 
in Fig. 77. Between ihem are eitiiated the blood-vcs- 
flela whieh enter or lenve the enbstancc of tlic organ, 
and llie bilo-dncts wliicli emerge from it. The gall- 
bladder (5) is a ilask-slioped sac, placed upon the under 
Bui-faec of the liver, with its rounded extremity near 
tho middle of the anterior edge of the organ. It acts 
Its a reservoir for the superabundant bile secreted dur- 
ing the intervals of digestion; and when that process 
commences it contracts and discharges its contents by 
a narrow canal, the "bile-duct" (Fig. 76 [6]), into tho 
cavity of tlie small intestine. 

Pancreas. — The pancreas is an eIongate<i niid narrow 
organ, of ft [lale pinkish color and loose textnre, situat- 
ed crosswise in the abdominal cavity, immediately be- 
, hind the lower border of the stomach. Its interior is 
' traversed from left to right by a tubular canal or 
L duct, which collects the pancreatic j nice secreted in the 
glandular eubstanco of the organ, and carries il toward 
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its right-Iiand cxtremiiy. Here ttie duct emei^es from 
the BiibstancG of the paocress, penetrates the wall of 
the Email intestine at tlic corresponding sitnatioD, and 
opens into its cavity (^'S- 'S) ^ company with t)ic 
bile-duct from the liver. Thna the bile and the pan- 
creatic juice are discharged into the daodenDtn at Uie 

SpUen. — The epleen is a soft, dark red organ, of a 
epongy texture, and containing a great abundance of 
blood-vessels, sitnatcd in the upper part of the abdo- 
men on tlie left side It corresponds therefore in eitn- 
ntion with the right lobe of the liver, on llie opposite 
side of the body. Its oater lateral snrface, namely, that 
which looks toward the left, is convex; its inner sur- 
face is slightly concave, and receives the blood-vessels 
passing into and out of the organ. Tlie arteries of the 
fiplcen are of unusually large size as compared with 
those distributed to other organs of similar weight, 
and its veins are also voluminous. The spleen has no 
duct to convey away a distinct secretion, like the liver 
and the pancreas, but is thought to esert an important 
effect on the blood which circulates through ita ves- 
aels. 

ICldneys. — The kidneys are two compact, glandular- 
looking organs, situated at the back part of the abdo- 
men, in the region of the loins. They are of a more or 
less flattened oval form, each between four and five 
inches in length, and placed, with their long diameters 
running up ami down, on each side of the spinal col- 
umn. They are each incased in a thin, firm capsule 
or investment of fibrous Ubsuc, and give ofiT from their 
inner border a tubular canal called the " ureter." The 
kidney, when cut open longitadinally, presents the ap- 
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peai-aucG Bliywn io Fig. V8. lU 
eiibstanuo uonsista of au onler 
poriioa (1) which 13 granular; 
and an iimor portion (2) which 
is striated, uod ari-angcd in the 
form of t«n or fifteen conta, di- 
rected inward. The summits of 
these cones project iuto a cen- 
tral branching cavity, the " pel- 
\ is" of the kidney {3). The flu- 
i<l4 secreted by the granular 
;i!id flriated Bubslances of iho 
• igan accumulate in its central 
ciivity, and are thence coDduct- 
- ed downward tbroQgh the nrctir, 
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QUESTIONS FOll CHAITEIt SIX. 

1. What am llio different regiona of the skeleton T 

2. or how many hones is the nktili composed ? 

3. Which of tlies« bones it a moralile one ? 

4. Whore a its joint situated? 
B. What bone farms the forehead? 
e. Whnl one ilio temple ? 

7. What one the bnck of tlie head ? 

8. Wlint bonca funu llie trunk t 
a. What are the movement* of the trunk t 

10. Of hi»v mnny bones is the arm composed abore the d 

11. What is it£ name ? 

la. Of how many between the elbow nnd the wrist? 
13. What are tlieir names? 
I ). How many bones compoie the wrist ? 

15. Wliai fa the name of the thigh -bone 7 

16. Ofhow many bones is ihe [eg composed below the knee? ] 
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17. What are th^rnam&s? 
IB. Honr many bunes cumposo tho nnkle 7 
10. Ilgw is ibe arin nllatlied lo the tliouliler? 
20. How is Ihe ihigh nttnclied Lo tbe hip ? 
SI. What is ihe dillei'eiico between ihe BhoolJer-joiiit rmd the b^J 
Jwnt? 

23. What is the texbire at the mutcla t 
!3. Iluw do they move the limbs? 
SI. Whflt is llie muMle of the scalp 7 
, 25. What miiDcle cluses the eyelids ? 

26. WLut mnsclB opens the eye ? 

27. What muscle closes the lips ? 

58. Wlint is Ihe miiRcle of maslicalion, uiil where is it 
29. WliBt arc the muscles oa the front of tlio chest? 
80. What muscles lift the ribs in bi-eathiDg ? 
SI. What ore the llireo principal mnsclcs of the abdomen ? 

83. How do the muscles or the arm close the lingers and tbamh ? i 
S3. How are the muscles of the leg ntlached to the toes ? 

84. What organs aio conlained in i\ie chest t 
3.7. What it the shape of the lungs ? 
3G. What is the slmpe of tho heart ? 

37. Where is it placed in the chest ? 

38, Whot two birgo BrtoricB does it give off? 

59. By what membrane is the heart enveloped 7 
* 40. What organs are conlained in the abdomen t 

41. By what membrans are tliey covered, and what is its use? 

43. What is the form of the ilomach ? 
i'i. Where is it placed in the abdomen ? 

44. What is its left-hand extremity called ? 

ii'i. What is its right-hand extremity colled 7 and niih what does 
comroanicate 7 

4<1. What is the Tiirni of the small inleatino? 

47. What duels open into ils upper portion 7 

48. What is (he form and position of the largo intestine ? 

49. What is tho fiiuation of tlio liver ? 
.'.0. What is its color 7 

CI. How does it compare in size with ilic other organs of the ab- 



B2. What is the gall-bladder ? s.id what is its 
C3. What is the form and position of the ipleci 
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PHTSIOLOOT AND HTQIUrX. 



54. What is the peculiarity of ito texture? 

55. What office does it perform ? 
5C. Where are the kidneys situated ? 

57. What two kinds of tissue do they coDtain ? 

58. What is the '' pelris** of the kidney ? 

59. What is the'* ureter?** 

GO. In what oi^gan do the ureters terminate ? 




AeTiove!((Laiinah/n. tohiik). The loner port of the bodjilM^ I 

atol beneiith llie lord of the diii|ihrsgm : ihe bellj) r" - "- ' ■- ■ 

the alidominal organs are conceuled or hidden in il. 

AbSoHPTIok (L. all, fmta, and torUo, to lucL up). Tba il 
(ion of a fluid \iy an animal merabrare or tissue. 

AnmMK TwslB. The fat. 

Am Vesicle. A minule vesicle containing air, which goei to 
. Vf (he titsue oT the longc 
L Albciikx (L. oihtu, while). An nnimnl vobstance which Coagn* 
t-'laleB when heated ; to coUed because it turns while in caBgalating. 
■ Jlence, "while of i^." 

I AhWUtmoM, An animnl nibitatlce, not coognlable liy boat, pro- 
duced in digeitioD hy [be action of the gastric juice uii ullmmiDona 
■ubstancea. 

ALBtTlftaotiR Hatter. An; animal sabalanit! rc<cnibling sibumen. 

Alikektary CaKAI.. Along tube, ofvariing r>nn ntid lizo In Its 
different porta, in which the preparatiun and digeslion of ibo food, or 
"aliment," is perfonned. It comprises Ihc moulli, ll>e (ihaiynx, Iht 
<Eio|ihacu9, the slomach. and the small and large iutestiite. 

Alkali (Arabic Al Kaii, the sada-|iliint). A name given to cer- 
Inin chemirtU substances which have the piiwer of combining with acids 
in such a viy at to neutnilize their acidity i euch lu undii, jiotusli, 
and the like. 

Alkalixb Fluid. A Ruid containing a perceptible riiuinlity of an 
alkali. 

Ahatomi (Greek ivi, nna, thnmgh, nnd TOpi), Coiaet, a cutting). 
Lilerally, "dissection." Tlie study of the difTerent parts and stroc- 
tore of the body. 

Akti-rgux. The can*cd ridge in tlio exlcrnul jar, situated inside 
and in front of the helix. 

Airri-TBAQi'H. A ridge-Uke elevation in the external ear, utnaled 
beliind and t>elaw the tragus. 

Amvil. llie middle one of tlie three smnll bones in the lympsnum 
ot the ear, reaenibling an anvil in sbaje. 

AdtlKoL'H IlinsoB (L. aqua, water, and humirr, a liiiuid). A thin 
watery flnid situaledia the eye, between the front of llic iris and the 
'~- a surface of tlie corn«4i. 

tPPAKATCB. A collection of different organs, wliith are associated 
In tlie perfarmance of the same function:- 
I AoMTA. The great artery which pni^es off from the b^ft ventricle 
of the beart, and which is tlie main trunk of the whole arterial sysiem. 
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AncH OF THE AoBT*. The eeroicirculiir bcnj of the aorta, in fbe 
upper port of the chest, from uliich ilie main arteriM lo the ai 
hen<J are given off. 

AuTERiAi. Bluod. 'I1ie liright red IiIwhI uoniBiQeJ in the left tUc 
of (he heart and the nneriot of the genera] circulation. 

Artebt (Gr. d^, aer, lur, and riipiw, (««o, to keqO. A res»I con- 
reving the blood fi-om tlie heart outward lo the orgum ; to called be- 
i-nuso the sntieDt* thought ihe*c resAeli contained sir. 

AnYlKsoinCartiliigeifGr. doi>ran™,oTii(iiiiia, a kind of water- jug 
fir iiitcher). Tmo piurubl cnrtiUges utnaled in the lar^i, to whii'li 
4us vocal chordu are nttacbad pualenorl; ; w called froni d tappowd 
resemblaace in (heir form to that of a water-pitcher. 

Absi><ii~ition. The | n>cesa l);r which the iogrcdienti of the food 
ore conTorted into thwie of the tiuuea. 

AuerroHT Nene (L. awlio, lo hear). The irecinl ncne of the 
Henw of hearing. 

Aaaivi-K (h. aurievh, the onter ear}. The smoller and llnanor 
(•hnml>cr of the heart on ench cidc, « hicli rccpiven the bluod dirccllj 
from the veins ; so called from a fancied ic^cmblonco in shape to a 
d<«'iiear. 

BiCKi«Fi.BXon(L.). A mniwlo lituated upon tlie front port of the 
krni above the elbow, whicli sen'es to tiend tlio elbow-joinl. 

liiLK. The secretion (irodnceJ by ilio liver. 

II11.1.1RT Duct. A duct which toavKj* ibe bile (.vtu the liver ti 
the inlEHline. 

BiLi.iKr Salto. Two peculiar BotistanceB, fbrmed hv the eom1<inn' 
Hon of rvrtnin niiimni tnnllers iviih iikIb, whkh are the most import- 
ant ingmlietitB of ihn bile 

Iti.oobGi.nuuLKf. Milling rounded andftattenedfenii-fliiidbodiet 
of A red color, which ore found in great abundance in tlie blood. 

nnxcHLtLts AkticI's (L.;. a mfiM-le situated u^n the ^nt 
poit of the arm, nhicb iiaBiKiii the bicejw lluior in liending ifie dhow* 

BHAtK. Tlie muss of nervous subslonce conltiined in the catitj of 

Broncui. The two paungea into wbM> the iracfaen divide* U tin 
top of the clieilt and which sappl; the lungp on each side with air. 

Bhomchiai. Tdbes. The »ni«ll tubes into which the broncU it- 
ride ns thirr enter the sul»tnnce of the lunRii. 

BiiTVKHiit. An olopgiiKMiK tuhsiance wliicli giies llie pendiar Bai- 
Tor lo ibe bntior of cow'n milk. 

Calcixklh (I» rniii. lo tick or tmmplc). Tlie hed-bone. 

Canisk Teeth (L. rani>, n dog). The pointed toelh ritaaled Jiwl 
outside the iiuisurs, one on each side in each Jaw ; to called bnew w 
thry are vcq- prominent in the dog, as uell aa in other carniromai 

Capillahv Blood-vesseU (L. apillu; hair). Hie nnallcl tiooS' 
voseli, intervening between the arteries and the veins ; to called ttom 

their minute or hnlr-like dimensions. 
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c Acid (L. carlo, n cobI). A gu formed in respindan 
' mnti exhaled wilh the breath ; •<> adletl becaaiw il U bUo jiroduced 
Erom burning cual«. 

l'*)tp|« (Ur. lapSui, kardia, tbe hcarl). 'Hie upper iirifirc oflTw 
>ck, Uinnigh whivh tbe fbixl enlen from Ihe lEsophagu* , to call- 
«d becaaM! it U tilUBted near the heart. 

CtkinvoBons Animals (L.«in>,o!(rNij, flesh; iLnd rorK, to devour). 
Antmida llial feed npon ftesb. 

Cakih (L. mritM, ruitemiesi). The partial Hsxay uf n boDe or 
locxh. 

CiftoTiD Arterie.4. Tha tno maiQ artericA wbich run tipward, on 
each ude of tha ncuk, to anpjily the head and brain. 

Cartilace. A rirm etsHtic subslance, like IndUi-rubbcr, attached 
' lo the bones in voHuuii^tnrtit of the IkmIt. 

' CxaBlNS (L, m.««, choiBie). ITie aibununoiia ingredient of milk ; 
I KinUed becauM, when coogiilnted. it lonns Ihe substance uf cheexi. 

'Gr. cnrnXpai, tnln/no. to dissolve ur demoliih). A pe- 
f nuM- ciiciHiuii changft. iu which the ingradianta of a vnbsinnce are 
altered or deeoniposed b; the mere contact of another nabslance. 

CKLt. A minute form, oecuning in nnimal and r^^able liuiiea, 
Mnnetimc* hollow and ionielimcs solid, and rarj'ing in shaje, being 
0ubatar, flattened, cylindiical, or irregntar. 

Cellular Tissue. A tissue coiuisiingoriooeety intcmorcii fihrony 
bnndlee, which k placed hctu-een the muscles and other contiguoui 

CditEnKLLTTM (titerall}', the " Little brain''). A conToluled gangli 
DD, smaller than the cerebrum, and situated at llie bock nnd tuwei 
part of the brain. 

CEBEBRtiM. The largest jmrtion of the brain. Riling sll tlio front 
and opper parti of the cranium. 

Cbi<eDBi>-spi<ial Kerroiu System. That portion of the nervous 
STsiem cuni^isling of the brain, the Ffiiniil cord, and the tierres belong- 
ing to them, through which the bud; is brought into nen'ous com- 
miinicatiun with the external woild. 



Chorsbiite (Gr. ^Jv^poc, fhotidraf, cortiiage). The ulbnminoiia 
ingredient of the eanilnges. 

CunBoiu Coat (Gr. x^P"""- '■torian. tlia vnaculnr part of the fkin, 
■nd ifcec ridot, tbrm). A bnnvnisli-ldmk membrane forming one of 
the envelupea of tlio eyeball; su uulkal becuniie it tecemblcs tlio skin 
In vascularity. 

CiiTLB (Ur. KvXuc, rhvht, juice). The white, milky-looking ftuiJ 
produced in the »mn1l intestine bj the digestion cf fatty sabstancea. 

rjLlAttY Uerves. A sot of slender ncncs, ten or fifteen in nnraber, 
which are pven off from the ophthalmic giinglion, and ore Ruully dis- 
'jibuied to the muscular fihres of the iris. 

CixBRinoui N'ervoii« Matter (L. cinf*, diterit, ashes). The gray 
or a«h-colored suljsianpe of a nervous ganglion. 

CiRCCL*iios. The movement of the blood in a continuous round 



or circuit, froni the arteries to the veins and ^m ibe vdju back aigiln 
to the arterieB. 

Clavicle (L. clai-it, n kej). A slender bone, shapo] Mimen-hal 
like a key, placed horiioiitidJv at the bortom of the nerk, between tha 
lop or t^ breast-bona and the prriat of (he Ehooidcr. 'llic collar 

l-LoT. Tlio ftrin, red, opaque, jelly-like mnas, formed by ihe coBg- 
nlnlion uT tho blood, and cunniallng of [lie fibrine and blood ^obulcn 

CuAGULATioa. Aprrxe^ of solidifiuarnin peculiar to the nlhutniii 

ous lubslances. 

Cochlea (L. cocklea, ■ snail-ahell). A portion of (lie labyrintli of 

the Mr, consisting of a double tubniu' canal, winding spirally round u 

central oiiia, like a snail-Bhell, and contuinina itio tcruiiniil ramidci- 

tiuns of the auditory nerve- 
Co t-LAK-aoxE. See Clavicle. 
C-oLos (Gr. KuMu, Ixluo, to reatnun). The name given to the 
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m-ly. 



I'oKOESTlON (L. roagero, nntijeilmn, to heap np). An nnoaoal till- 

ing aT the vetKh of a pArl with Uoud. 

CosjtiMCTivA (L. nMijuugo, to join). The thin membrane which 
covers the front of the eyeuJl and tines the inner lurfitcc of the eye- 
lids; locallwl because it joins tlie eyelids to the eyeball. 
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bandlo). Throe musclea which are wrapped round the pliai, 

to compress tliis cunol and force ilie food througli il from abine down- 

CoNTBACTlON. The active shortening of a muscle or muacular 
fibre. 

CoBvnuiOH (L. rawBtUo, to Mar). A violent and involuntary con- 
traction uf some or all of the uiuecles of (he body and limlis. 

CoBMEA (II. rorau, H horn). A firm, transparent, and colorleits 
layer, fbrming the front part of the eyeball, through which the light 
penetrates into the interior; ao called from its rewmbhuice to horn in 
lextnra and consistency. 

CaANlAL Nenet. 'ilie iien*cs connected icilh the brain ; ao called 
because Ihey emerge through tunings in the cranium, 

Cbamum. The bony cose containing Ihe brain. 

Chkati^ie and Creatinine (Gr. ipiai;, treaK, flesli}. Two inbatan- 
ees produced in the prticeas of exeielion, formed in tbe lismo of tba 
muscles and discharged from the body by the kidneys. 

CaiBBiFODM (L. rrilTiin, a tieve). I'eiforutod uilh many little 
boleti, like a ueve. 

Crown of a tooth. Thai portion of the tooih which projects abors 
the jaw, 

(^RVBTAt-LiNK. The albununous ingredient of the crystalline lena. 

Crvstallive Lens. A trcnsparent circular body, roinided on ita 
front and back surfaces, litualed in the qreball, just behind the pnpil. 
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It ttmt to mncentnue tbe ligbi passing throogh it nl ihc snrfico vf 

DEcrcsATitni (L. lUeaiio, to cnt crouirifc). A reciprocal crowDg 
from aide to tiile. 

DEOLlTlTlns. The acl nf tvullowing. 

DEt'ELOFMEMT. The prucpis br which th« body ptaict through 
•nccGBsive changes or sUgei of growth, froni in&atr to adult «ge, 

I>i>rHii«oii (Gr. lii^aj/ui, dinphraytia, a punition). The r«nll- 
«d moxiilar sheet which sepaTHitH the cai-ity of iho choI frum thai 
dT ih« BbdoineD. 

IllOERTioK. The litjuebction and prcpanitior of the food In ihe 



EnrLSiOK (L. tmnlgto, to roilli). A permnnent miitura of oil, ml- 
nnlelT divided, viih a waierj' liqciid ; aa colled becauio It ii white 
■ud miikv in appesronce. 

EHtVLL. The denae calcareous carering of iho crown of it tonlli. 

Ehdouiobib (Gr. Ivlov, t/tdon, nithin, and udiir;ii<c, HihUmut, an 
impuiiioo). The force by which a Huid is madu lu imnetrMa an aiil- 
mm substance or tismie. 

Epithglii'm (Gr, iiei, ejn, upon, and ^ijXi}, ilifll, n nijijik-). A lay. 
er of toft cell3, covering Ihe surface of ihe lining moinbnuiaii nnd I'cr- 
fin parti of the skin. 

EusTACUiAH TiTUB. A incTnbmtMH» caiul. cxlcniling from ilia 
fore pan of tiie tympanum of the ear to the hide nf the |iharyiix, nnd 
aerring to eatablish a communii^alion IwtwMn the cavity of the tyni' 

Kan) and the external aimoepherc; fruto Burtheletnl EiHiachi, an 
ian anatomist of the fixieeulh cetuitry. 

BitmETlnN (L. ucemo, ezrretaa, lo purge out). The ptWH* by 
which the waste materials of the body are changed and olimiiulM, 
A nibstancc or fluid so produced is also called a> aicuariotr. 

ExpiBATion. Tbe act by which air is carried out uf the luns* In 
breathing. 

ExTsxeon MoscU. A tnnsclo which servo to itialghlen or ax- 
tend a joint. 

ExTEBKitL Eah. The tmmpci-siiaped expansion on ilia side of 
ihe head which serrea to condact sounds toward the muiiili of Ilia 
■ndltoiy meatus. It is that port commonly inllod llio " ear." 

Facul Nerve. The seventh craiual nerre, distributed to Iho mus- 
cles of expretitiiin in the face. 

Femur. The thigh-bone. 

FEN&BTaA (L./rnritra, a wioduw). The nnmu Minuilmes given lu 
k perfuratioti in ihe walls of a cavilv, as, for iiiilarire, tha "oval AintHi- 
tra"in the otitcr well ofthe vestlbiue of tlio ear. 

Fkrmekt. A subaianco which causes tbrmentatiuii. 

FERKESTiTiuir (l,.jtrmaiitfco, to rise, to pulTup). A omrcaa -jf 
catalysis, by which bubbles of gas are (bnned in tha Kini' -'li- 



i 

I 



400 GLOSSABY. 

FmntitB. An aninutl niBltei fnonil in the blood, which hM tlit 
property of coagulating EponlHnootul)' -, eo called because, when ooojc- 
nlsted. It hug n fibrous lexlurd. 

Field of Vision. I1ie circular spate in ttoM of the e^cs n 
which obJoRM can lie perceir«d. 

FLKXaKJiasde(L._fltclo,jU.zuia, to bcnil). Amtn^lo nhich M 
lo betid a limb or joint. 

Fociia (L./oau, D flreplupo). The tpot ui whiiJi the rn 
;1hningh a lens arc brougui together 

FuLLiCLB. A litile bag or sac, formed cif au nuiiDal n 
and uiuallr opening by a minule orifice at (ine extretnily. 

Follicles op LiEUKHmuHM. The simple tubulHr fuUiclea o .-.^^ 
lining raetnbmne of ibe small iiiteatine ; bo called from John NatliUr 
iel lieberkiihn, a Pnisidsn anaiomiBt of the eighteenth eeniiuT, by 
whom they were first described. 

KoNTANELLK (Itulianybuliinf/'b, a little fbmitain). A name given 
to two spots in Ibe crsniom of infants, where the osaificalion of the 
aknll is notyet complete, and where Llie pDlsuious of the bnin can be 
&lt tliroiigli Ibe soft parts, like the bubbling of water in a fountain. 

Fobambu ( L.ybmHHn, a hole). A perforation : usually in a bone. 

FtsiCTHW (L../'mffop,/iiJic(iu, to pcrformj. The office performed 
by any organ of tlie body. 

Fl'mgi^s. a vei7 eimplG kind of vegcuble etowiIi, fonned cnttnly 
of cells. 

GiLL-ni^DOEK. A sac or reservoir, comnmnicaling wiih Ihemaia 
biliary duel, in which a poitiun uf the bite is stored np during the in- 
lervali of digenion. 

Gakclion (Or. jayj^iov, gan;illon, a tutnor). Aconeclion of gray 
ncrrons OBIter containing ner\'i'-celU. and acting as a nervous centre. 

Gangliom of Mkckku a imnll ganglion bclonein£ lo the symjia- 
llietie nenous system, situated lienealh llic lluor ofihe sknll. and giv- 
ing off nerves wnich are disiribuieil in ibe inner |url of ibe nasal iias- 
■ag«ti and lo Ihe muscles of ilie hnnging pnhiie ; frum Mad>el, h UcT' 
m-in anatomist of ilie eighteenth ceiuury. 

GAssKKUkH Gakoi.ioh. A cnntidcrable ganglion, tiiuatcd upon the 
lifih or "tiigcn^al" nerve, within the crunium, at tlie level of its ili- 
lisiun into tbree niBiii branchcsi so called from Aclulles I'imiiniiia 
Cower, a German anatomist of Itie sixteenth century, by whom it is 
(aid to hare been discorered. 

Gaitric TtreaLtB. The dongaled tubular follicles of the lining 
tnemlmino of ihe slomach, by which the gastric juice is tevteted. 

GASTttocKKMitia Muscle (Gr.}, A strong mntcle nloated upon Iha 
hnik pun of the leg, which senea lo draw ifae heel upward. 

l'!Et,jiTiKiiUH{L. fftlatia, congealed). Uke jelly in confislenn. 

Geneil*l CixcuLATion. The movemciil of the blood ihrvugfi the 
varions tiaines and organs, from the arteries to ihe veins, as distin- 
guished from the circtdatiou through ihe lunga or any other paniculiir 





GLOSSARY. 

I tbt simpler physical qnntiiira of extcmn] objecls ; nuch as 

t nsiency. IPWure, lempcralure, eic. 

I Gkhhination (L. 'jenmim, lo bud). The fii-st growih o 

' 1 organ compoaed of ruUiclen, lobulei, nnd ducts, with 
_. _ ... iterwovan, whicli prodnces n secreliDn from the mate- 
rials of (lie liluod, 

Glamdulg. a lilllc gland. 
GL,OMo-r>iABrxoifAi. Nerve (Rr. iKitma, gloiia, tlie tonguo, and 
fpvyi, jihanaix, the throat). The ninth cranial nene, uhicli is dis- 
tributed to the back port of the tongne and to ihe pliarynx. 

GtOTTts. The narrow oiwiiing or crevice in the upper part of the 
^k hiynx, by which >( communicalca with Ihe throat, 
^h- Gi-UTSN. Tlia Bibnminoua nuilter of wheat fleur; lo called from 
^H'tai adhesive and glulinoiu coDBistency. 
H[ Gba-cvle. a liltle grain. 

^H GnaTATURr Nerre (L. gnsto, to tuxte). The special neire of tho 
^Bjcenie of inslc, being n branch oflhc iliiril division of the finhcraniul 
^■nei^-e. 

^f Hanoixg 1'ai.ats. a muscular curtain, hanging downward from 
llie back port of ihe roof of the mootli, wliicli poniallj' ceporalea Ihe 
cavit]' of the moatli from ihat of (he pliaryiix. 

Hklix (Gr. rx<E, helix, any thing twisted uv convoluicd). The out- 
er border of the external ear, wliich ia rotlod or convoluted inward. 

Hbhiflksia CGr. ifpiffiii*, /ie«ii«ii», half, and »*^a<im, /.fiujro, to 
■Irike). A parslynis of one Inlcral half of the body, and the limbs on 
■be eonespondincBide. 

Ukfatic Veia(Gr. iiwap, hi/nr, the liver). The vdn which c*il- 
leccs the biood from the liver and comes it onward lo the heart. 

Bebbivoboub Animuls (L. hrrba, gmss, and I'oro, lo devour). Ao- 

■ Ipais that feed upon vegetable maiterv. 
. IItaloid Membrane (Gr. KoXoc, hvahi, glora, nnd t'llas, ador, 

' A very tfain, tmnsporenl, and colorless membrane, which lines 
je inner stuface of the cnvii j of the eyeball. 

HvnaoptioiUA (Gr. vlvf, hailBi; water, and f uCoc, iitnJioi, fear), 
* "aeaAO induced b; Ihe bile of a mad dog, and cbaracierized by eX' 
e irritability of the spinnl cord, to tbiil the least external imprea- 
_ . canies riohtnt roflex convulsions, eepocially of the mustlea of dog- 
latillon; so culled hecanse the animali and men alfeclcd by it were 
■uppOMd lo have nn especial dread of water. 

HtGIInB (Gr, vyiiia, hai/iela, health). The !<tudy oflbe laws of 
health and the means of its preservation. 

IItfoclossai. Nerve (Gr. uiru, Iik/h/, under, and yXuHnra, f/loma, 
the tongne). 'I'he motor nerve distribiitod lu the mu-scles of the 
k tongue; so called because the trunk of the ncno runs for some dis' 
[ lance beneath the bottom of the tongue. 

Ihcisobr (L. iBo'i/o, inriiiim. 
j Jaw ; so ctdJed because tiiey ai 

■ adiipied fof catting. 



IliFAirt (L. if'fi'B', not upenking). The chOd under two yean of 
age : ■□ colled liecaiwo he cun not yet use Brticulnte laiieoKge. 

I N^KNai ULK Than Bi' 111 ATioN. The name given to the perspintion 
when produced in ila usual iiiodorate iiunntitjr, so ihat ic inKUncI; 
ovaporales; consequently being impercepiibla or "intensiLle.'' 

Imhi-ibation. Tha aci bj which air is drawn into ihe lungs in 
breuthiug. 

IntescoSTal Muicles (L. iultr, between, snd coifn, a rib). The 
miuclei which are dtnated between the ribs, and which move ihe riba 
in rcspiratiiin. 

Intercostal Nones. I1ic spinal nerves which (upply llie iater- 
toacal masclss. 

IxTEKHAL Etn. Tlinl part nrtbc nnditorr appaiatiis mnMbtinguf 
the labjiiuth, its meinbrnnouB bng and hmpli-bke fluid, with the 
ronilflcations afibe audiioiy neno; nit contained within ilie sub- 
stance of the petrous bone. 

iKTGSTtNAL JotcE. A liscid BccretioD produced by the lining mem- 
brane or the small intestine. 

Ibis (L. irli, tlie f^abon'). The perforated musciibr cnnain situ- 
ated witiiiu the eja, in front uf tlio crj'.ttalline lens ; no called from lU 
»ttrieg«ted color. 

iHRlTAiiiLirT. The properly by which IIib nerves or other atpaa 
BK thrown into excitement by on; stimulus applied to their sob- 

10 ctoter part of 



KKRATtNB (Gr. idpas, icmi, horn). The nlbmBinoos ingredient 
of the hiirnnd noils; so callod because tlie same substance is the in- 
gredient of horn. 

IjAdtbintii, a ra\ iry, of ningulnr ond compUcaled form, ■jtnaled 
in the mibsliince uftbc iieiroiis banc, and containing the terminal nun- 
incnlions of the auditory nene. 

Lai'HKVUAL Camals (L. lactirgma, a tear). Two narroit canals Or 
ducts, an appor and a tower, leading from the inner comer ofthe eve- 
lids toward Ihe no«e, and sen'ing to convey an'aj llic tears tKm the 
■nrface ofthe eye. 

Lachktkai. Glanr. a bbulaled gland, sitnolod in Iho npper and 
outer port ofthe orbit ofthe eye, in which the tears are secreted. 

Lalteals (L. iir, milk). The Ijinphntic ressela of the small inlos- 
tine, wliich become Riled with while, miUiy-looking chyle daring di- 
gestion. 

I^oTic Acid. The acid produced b_v the souring ofmillt. It alto 
exists in the gastric jaice. 

Lahok Intkstimi. The lest live feet ofthe intestine; so called 
on account of its capacity, being considerably wider than the small in- 

Larthx (Gr. Xapiiyi, lariiax). The carlilaginoDs box sitnated at 
the top of the windpipe, through whicli the air panes fhun the throat 
iato lite irncbea. 
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M1L1.ET. The nitcnBMt of the llnve iaaB boM* ia iha Ijflf*- 

nam of the mt, luiriiigllm tirm rf a HMnw, iwt jHf l iil w^ fh^i .^ii^ 

bnuie of Uie lympanuin. 

MaBCaKitce (Ur. /la^ynpor, i m iriTa m ii. ■ I<«bH). A Cutv or olcag- 
inoiu rabataoce, wbicli it intermediate in nnuiMeiKT' betwoen Wffrrillft 
nnd oleine. 

Mabsow. a K>n tokhUt fnbctaiice coatained in the otitin of 
the bonc!, 

Masseter Muscle (Gr. paavasfim. — JM ni, to chewX A HroDg 
muaJe eitiuited tipon the tdde of the &ce, iriuch morei the lower jav 
from below upward in mafcirsiion. 

MAmctTioN. Tlie gnnding op «r Mntnininkiii of ihe food bjr the 
Dction of the leeth. 

Mabticatob Xerte. The motor hranch of the third diri^ion of (ha 
fifth cranial ncne, di«tribaled to the mnwieg ofnuMiaiiiiik 

MeATUg(L.)- ^ pasaa^ or canal. 

Meort-LA Oblokgatji. A nerroo* tana of an oUong diape, litn- 
aled at the lower pait of the brsin, and giWiig cilf man; of the cranial 
nerves. It comiiin* (he ganglion of icfpiralion. 

MBifi'iaE.i'i Glandfl. The glamle situated on the Inner nirliu^e of 
the cutiUgcs of th« evelidi, b; which Ibe oleagiaooa leeretion of the 
lids is produced; from IIeni7 Heibom. a German aiuttomiEt of the 
WTenieenth ceniurj, who detcribed the stniclnre of the evelida. 

Mexiibase. a thin and flexible espansion of tinne. 

Ueiiiiiia'Ib o* the Ttxpakcii. A fibrous membisne strelcheil 
HcroBS the bottom of the external anditorj meatus, and forming the 
oDier wall of the iTmnonian. 

MueNTERT {Gr. /k»oi-. nttioi. in Ihc miJsl, nnd impn, rnlera. the 
entrails). A broad membrane hj ivhicli the iiileslinei Die otlacllcd 
to tliB spinal colomn. 

Milk Teeth. 'I'be fint set of teeth, Iwent; in nnmlier, which mnku 
ihcir apittaranee during intnnFj; to called because the food nt ihat 
lima consi.'t* princlpolly of milk. 

Mni.AR Teeth (L. mola, a mill). The »ide and bnrk teelh, which 
ore adapted for grinding the fond, like mill-slone!i. 

Motor Kervous Fibres. Those nervous Kbrca which conrej iho 
Blimulos to motion from the nen-oos centrea outward to the tousdcs. 

MiirjFS. A rujiy lubricating secretion, prodnced hj the fuUiclea 
tuid ^andulei in Yiiriott* puts of the boij. 



I ingredient of iLe miucuUi 



N««jii. Dt>(T. A iliicl which rerraves the icnrs brought IraiD tbt 
tjo by the Uthrvmol miuls, and diicharget ibem into the oanij ol 
the noMi about iti midclte ponion. 

Nbrtk. a while curtl composed of nervoiu fibres or niamentf. 

NKDrK-CELl^. Kuunileii cells, often with elender piolaugklioni 
nintting out fruiQ Ihi-m, found in the grtiy BabHajice of the nerYom 
£iuiglia. 

NBnvot-s Cextre. A colleciiun of eny nervous nutivr, vhich r> 
feirea impicjaions and origiuaies tite nerrtHu impuUce. 

Nbhvoub Kiuui or Filauext. A wliiie thread of minuis riic, 
forming the wibituice nf the iiervex, and havin;; ilie ptmn vl coodBit- 
ing the nervoiu Mimolui. 

Nkrtous SinEM. TliD eniira colluciion uf nil the orgam com- 
jioiMid of nerroiu tissue, luunelv, lUo ganglia and lUc natvis, with >U 
their connections, ihrougluiut llie boilT. 

NEllRALCt* ((ir. viHKV, nnroN, a nerrj, and oXfiic, ai/oi^ pain). 
A initif 111 affecilon produced b; irritation of (he senutiTv nervot, with- 
oui nmnifost iliaeiue of the oilior liwnei. 

NsniULENMA. Tha flbroiu shoatli by which the filsmenW of « 
nerve tre envelo[>ed, and nhich pruieclii them from iujiuj-. 

Nitnooim. A gns hariug but little ehemical Bctint^, nhtch livm 
about four fifth* of the bulk of the atmosphere. 

KtiCLKUs (L. imeieHf, a kernel). A round or otbI apot, nUcti b 
fiiund upon certain cells, us, for inatolicc, e|iilbcliiuu-cel]i and iwrre- 

Nltbitiok. The internal prceew uf ti'iuriiihiiwat «f the boil]' w 
an; of it* parta. 

((Isoraaaus (Gr. oiw, olow, oia, mj», to ran?, and ^Ayn.pha^. to 
out). The muscular tnlje which cunvo}'* tlio fDitd fivm tbe month to 
tliu Blomaeh. The gnllet. 

Ot.}LtKs{Qr. i\aior, riaion, oil). An oleuginoiu substance wbieh ii 
fiuid at onlinar}' temperatarea. 

Ou'AcmBY Nervea ( L. i-l/ado, to Emeli). The rptv'ai uenw of ihe 
sense of (melL 

OriiTUALMic Ganglion (Gr. DpSnX/ju;. ojiklliatmoi, the ere). A 
■mull ganglion belonging to the sympatlielic nervous Rvsiein, and sii- 
uuiud iu the bock part of the orbit of ihe eye, from w^ich the tiUaiy 

OiTic Nerrea (Gr. um^ui, o/itoiHai, to lee). The special nenei 
of the Hiue of sight, lUatribuled to the interior of the eyeball. 

Oitic TnALAMi. Two nenous ganglia, utnated beneath (Ik cere- 
brum and behind (he elria(ed bodioi ; so called because iher were for- 
merly supposed to be the origins of (he opiic nones. 

OcTic Ti:miitci.ES. A pair of BnuU rounded ganglia, sitnated neir 
(be middle part of the hrob, from which the optic nervei take tlusr 

Muscle of the Eye. The mtiscla anrronndlng the 
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OimiT. The Ixmr cuvil; Uinealh tha fureheod in which lbs Ef«- 
boll is liiliuileil. 

OlGAM (tir. dpyovo^i, oryanon, an iiulrument). Any part of tba 
hody which is MUii])Wd to perfurm n parlirular Banice. mich as ihe 
heart, tlie (Homach, the lirnin. 

OMIFiCAriON (LL dk, ossii, » bone, mil yiirio, ID make). ITie i 
•vniun of cartilage or other «>fl tissue into bone. 

OsTEiHK l^Gr, ivTiOV, oileon, a bone). The olbumiDOUB ingredienl'-] 
-sf iho bone<. f 

OxTOKN. AgHiifiinningonefifib|iart, bybulk, oflhealmoflpheT^ . 
irtucfa a essential to resiiiration. 



Paxchkatic Jtics. The necrciion pmdiiccd bv the imncreos. 

rAKcntLtTlxK. 'lite ■Ihuminoua ingredient of (Ke ]iaiu'reatic juicci 

Padlli (L. japilla, a nipple). A minute coniral pruminence or 
rievslion iip~3i Ihe surface of an anininl mcmbranei thus [he "papil- 
la" of the tongue. 

I'AitAl.TBls (Gr. H-opflXuBi. fiarnlao, lo looBcn). A (napeniHon or ab- 
olition of the power of sensation or motion) more fre(|uentlv of both. 

("ABAPLiiaiA (Gr. TufiarAtfitvu, fiarapSuao, la strike wiifi derango- 
ment). A parsljsis of the lower lunbs and lower half of the body. 

I'ABOTiD Gland (Gr. irapd, parn, near, and ouc, uru{, out, oloi, the 
ear). The salimry gland silunled just in front of the car. 

I'An VAotm (L.). Literally, the " wandering pnir." A name given 
to the pneBraogastric neneu, on account of their long cuurae and va- 
ried distribution. 

PBliUNCLes of the Brain. - Two rounded bundles ofnerrons fibres 
running upward mid forwsnl from the base of the brain, and termi- 
nating, on each side, in the substance of the cenibnuu; so called ^m 
Ibe bolanicnl term " peduncle," which wgnilies the stalk of a flower. 

pELFiB (L. fit/cis, a basin). The hlp-bune ; so called because it is 
tike a boMn in shape. 

P£M1I1B (Gr. rirru, jupto, to cook, to disinlcgmle by cooking). 
The moat important ingredient of the gastrie jiiii:e, nhich ticts as ■ 
ferment in the digestion of the food. 

Fkbibtaltio Action (Gr. itpiirnXXui, ptrialrllo, to wrap round). 
The peculiar moi-emenl prodared by the sucmmbJvb contraction of cir- 
cular mOKular libres wrapped round a cyUndricol tube, as in the 
owophagua or the intestine. 

Pkupibatioh fL. per, IhronRh, and tpim, to breathe or cxholej. 
da wolay secretion exuded upon the sitifoce of the skin. 

PsBlPiRATORV Glands, ^roall glandular l>odie9. in Ihe form of a 
eoHed tabe, utnnted immediately beneath the »kin, by which the per- 
■piralion is secreted. 

I*ETiio(n Bone (Gr. Trirpa, pelra, a rock). One of the bones Ibntb 
ing the base of the skid), and containing tbe internal ear end the trm 
panum : so called from il.i stony hardnesi. 
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Pkartwx (Gr. ^irjl, pkarum, ihe thtooi). The 
Eoge leading from the bock part ur llie moulh lo the ceMipbiigiu. 

I'HKKinc Ksrve. 'Ihe nune of the iluphragoi. 

PaiaiOLoor (Gr. 4oirir, PliHsit, Natare: and \i-fot, logoM, » di*- 
eonne). The itod; of tlie nsmnl octioiu of the living bodj. 

l'LLXDa(Gr. irXiMf, T^iv,pUka.}ikjo. lo weave or plait togelher). 
A Ttecnorli of any thing intcrwDven, aa of blood-vessels or nerres. 

I'MEtHoUASrBic KetTB (Gr. xvivfiuir, iinaiman, the liingf, and 
yairrif, gaiteer, Ihe stomnch). llie teeth cranial nrn-e, diniiibuiBd 
principally to the lunga and the stomach. 

I'oss Vauolii (L.). Lilerally, the ''bridgcof Varnlia*." Atrans- 
Tene band of ncrvoiu fibres paai^ing in a curved rumi from une nils 
of the cerebellum to the other, and hpiinniug the langitDdiiud Blinstof 
tho meduUs oblongata, like an arckeJ briilge siouiniTig a stream ; w 
called from Vurolius, an IlaUan ouotomist cf the ^loentli ceninrr, 
who first described it. 

FoXTAL Vdn (L. porta, b gstewRT). The Tanona inink fbuned by 
the union of all the veins coming frum the inle^tine, and vhich ron- 
veyg the blood to tlio liver. 

Ftkbtgoid Muscles (Gr, trripvS, rripvyot, plenx, plemgw, a 
wini;). Two muscles silunled lietueen ihe "ptorygmd" or wtng-likfl 
projections of the bofc of the skull and the lower jaw. They pvo to 
the JMi a lateral or grinding moi-einenl in maalicatiou. 

1'iTA.LiNE (Gr. wToAov, plaf/oH, saliva). The albaminoiiB matter 
of the ulivH. 

I'L'LuoNutT (L. jiu/mo, Ihe lungs). Ilctaling or belonging to ibf 
lungs, 

Piir.MoKinv Artery, llie gnat artery which recdvR the Mood 
from the right veDtricle of tlic lisnrt and carries it townrd the lungs 

VviMoxxar Circulitiiin. The movement of tlie blood tlirongh 
tho limgs, from the pulmonary nnery to the pulmonary veins. 

riit,MOti,kitr Veins. The vdnx vbieh bring the Llood from iliQ 
lungs to llie left auricle of the licart. 

I'tstp of n Tooth. The soft vasciJar papilla or prominenca nrouml 
which Ihe harder portionii of the tooth are deposited. 

PDI.SATION of the Henri. The entire act, or movrmenl, of tlie luc- 
cesnveconlraclionand rclnKarion of ilie ouricloB and ventriclet. 

Pulse (L. puUo, to beat). Tlie rhrthmical dislensioii of an artery 
by llie impulse of the blood from the lieart. 

Pi'i-ii^ The drciilor peribration in liie centre of the iris, ilinuigh 
which the light roaches the deeper |iarts of the eye. 

l'ii.ost.'s (Gr. m'Xiapis. jiuMroi, a gate-keeper). The lower oriflcu 
of the elomacb, through which tho food pnuea into the intestine; so 
called on account of n circular band of muscular fibres hy whicb the 
paasage is guarded. 

Badiai, Artery. An artery which passes along llic front of the 
wrist, at its outer port, to aunily iho p<ilni of ibo hiind. 

lUcifFTACCt.DM Curi.t. LiieTally, tlie receptacle of the chyltL A 
nnall sac or dilaiation situated at ihe cDmmencenicnt of the thorade 
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Kectuv (L. rfcla; slroighO' The list ponion ofiho Urge in 
tino ; BO cidled becnusu il i* nearly Elruglil, iu comparuon witli ibe 
remniniler of the inleslino. 

Kkcusmknt Nerve (L. reeurro, to run bock). TTie infiuior Uryii- 
geal liranch nflhe jmeumcigBatrii; tierve; su catlcil because it is gi>-eu 
oirrrnni the main imok of tho pneiimogBattic nl or near the tu]> of 
the cheijt, wid then retDnu in a ilircolion from below apward, to reach 
the hayax in the upper part of tho necii. 

Retlkk Actios of the Kervous Systani. An netion by which tli« 
impreasion receii-eJ by a nenuiiB centre through tiio aeuMitive nerves 
is again reflected ontwaril through tlia motor nerres, under the liinn 



ItEOiMBK. The eyst 

Relaxation. The 
ftbre. 

ItBHMeT. The prcfiarBd tissues and fluida of iho calf s Blomadi, 
nied for coagnlullng niitk in the inaiiufucture of dieese. 

KuPiDATio:! (I> rr, denoting repetilioD, and i/iiro, to hrcaihe). 
Tt>« pnxMs by wiiich the ntmoBpherii; air i* introduced into the lungs 
Ibr (ha renovation or artoriiiliuuioil of the blood. 

Retina (L. rtfit, a net). The membranous expansion of Ihe opiic 

irve in tho iniorior of tho eyeball. 

RoLiT of a Toolh. The elongaleJ portion of tho looih which lii im- 
bedded iu the jaw. 

Containing or consisting of sugar. 
Tbe fluid recretton produced by various glands and poured 
ibto the cavity of ilie mouth. 

Sauvamt CiUntl. A gland which produces saliva, 

Sci-KBOTTC Co.it(Gr. inrA^|)st,<X-£ruji, hard}. Alirm and resisting 
fibrous envelope, forming [he outer coat of the eyeball. 

Skdackods Matter (L. lehum, tallow), A BUbslniice of oleaginous 
(omposilion, but nearly solid in cottsiiilency, like tnllow. 

Secretion' (L. 4ecfrao, tfrrclam, lo separate). Tho scpnmlion or 
(iToduPlion from Ihe blood of a fluid dosiined for a special purpose. 
The fluid so produced is also colled .* secbetion. 

BBXlciBCl'L.tR C iNALi. Three narrow cun*ed passages, excavated 
in the substance of the petrous bone, and commauicating with Ihe cav- 
ity of tho vestibule. Tlicy contain a dear colorless lymph, ond a mcm- 
branotu lac corresponding lo them in form, upon which a portion of 
ihd filaments of the auditory nen'e are distributed. 

KEUILITNAn Ganglion (I^ irruii. liolf, and /una, the moon). An im- 
nortant ganglion of tbe sympathelic nenous system of a, semilunar or 
Oalf-moon shape, situated behind tlio stomach. 

Semilcnih Valves. Tho tliree fasHioned or bagJike valves, of it 
half-tnoon shape, situated on each f^ide of the heart, at tho entrance 
of the great anerie.*. 

Sknsation. The conscious perception of an impression inude ajKin 
. Il>e nervous aysiem. 

Sensitive Nervous Fibres. Thoae nervous fibres which convqr 
1 :_|j fronj without inward lo the nervous centres. 
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tiEBtK (L. rrrvm, whey, bnltermilli). Tlic clcnr, watcrv. llnll)e^ 
Fuliired fliiiil whicli &e[inrnles from ihe I'kil nfler the coaguUliun ul'iLa 
bluiKL 1[ contBina, beniile valcr, uUiumeri >iitl minernl snbsuncei. 

Shall Ixtebtihis. The drsi twuiiiv-liie feet of Ihe inlealiai im- 
medUuily following the stomach ; ro callal on ncuHint of in mull 
mlibre, b«iig only un inch and a half in widiU. 

Sot.tnfLKXi]B(L. RM^the Eun). AnuliacingplexasorTiMworiior 
symjiathelic nen'ea, spreading from Ihe neighhorboodnf ihe Kmilanor 
(itnglion oaiward, like Ihe rajs of the sun, to be dUtriliutcd to tlic tu- 
rious oigana in Ihe nbdomen. 

^OLBUs Mnsde (L.)- A muscle siliwted on Ihe back (uirt of [he 
log, which as&iiiis ihe goal roc nemiii» in drawing tlio hed npnnrd. 

r^i'iimii. Skksk. a fcnro by which wo reoeivo psniinUr rensa- 
linni, differing fiom those of general ECtisibitily ) such as lliose of sight, 
Louring, lasle, and smcll- 

Sfinai. Canau a long cavily containing the spinal ronl, incloscJ 
in ihe bones of the spinal colnnin. 

KriHAL CoLnHH. The back-bone. 

Si-iMAi. Conp. A rylindiical niosi of nervouK matKr Mtoaied in 
the caril7 of the spinut cano], connerKd with the l>raiii above, uid 
pving oA* Ihe spinal nenes from its tno tuipotiile sides. 

Spuial Kerves. The nerves connected with the sjflnnl ri 

Seiti^ Aprojwitiigpoint or ridge of bono. 

Splkkh. a very vnM-uUr organ situated within ihe qUIii* 
iho left extreniiiy uf ilic stomach. 

Rteahike (Gr. nVac, airtir, suet, fat). A fjlty o 
■tanoe, which wlien pure is solid Mt ordinary leinjieralures. 

Stbhsobciipk (Gr. ffJ-ipiuc, alermn, solid, and noriw, ilopea. to ex- 
amine). A box contaitung two different |>iciare> of the same olgoci, 
•o arranged lliat, seen together, ihev produco a deceptive nppoHninca 
ofsoUdity. 

KTinBt'P. The innermost of Ihe three traall bones in Ihe tympa- 
num of the ear, having tlio furm of a stirrup, and attached la iho 
membrane of the oval renestro. 

i^TRiATKo ItnPiKH. Two oTuI ganglia situaiMl, one on ench side, 
at Ihe under part of the cerebrum ; so called because when cot open 
they present a striated appearance, oiring to the whin nervvns fllires 
passing tbroagh the gmy substance of tlie ganglion. 

SuHCLAi'iAN Vein (L. lub. under, end dirin, a key). Tlie great 
t«in bringing hack the blood from ibc arm and side of the head ; so 
called liecnuse it ia sftuoled unilcmeoth the rlai-irlt or collar-bone. 

SuBLiKGUAL GUuid (L. *ab, under, and limjaa, the tongue). A sal- 
ivary gland atimled beneath the longuc. 

.SrDNAj[tLi.ARY Glood (L. luA, under, and imxHla, IbQ jaw). A 
•alivaij gland, sitnated beneath the angle of Ihe jaw. 

SrHPAiBSTic Nkrvoits System. Tlint portion of the nerraa* sys- 
tem contisting of a double chain of ninall ganglia, utunieil in front of 
the i|nnal column, and the nerves liclonging thereto, by which a nen*- 
ona communication ii> ostiibJi>bed between iIk imarnai orgjim of nu- 
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Tenfobai. Ancrr. A mull irtaty which pouM upward just b»- 
Math the skin in rront of ibe ear, on each siile, to iiipply the templw. 

I'EiiroB.A r. Muscle. A fkD-slinpe<l muscle, Eitiuiteil upon the gida 
of tlie head (on the temples j, and attached to the lower jaw, which it 
tnoves from below upward. 

TsNDON. A tit>ro>t3 conl bv which a mtisde is attached to ita 



TbtaSCs (Gr. rt'rawc, tflanos, a stretching o: 
ease chamcterized by severe convulsions of die voIuqUut muscles, in 
wbieh the bodj and limbi are forcibly extended or Ktraigbteued. 

ThacMITBoi^ (Gr. Sauiia, Ihamia, a vonder, and rpsx,,. tropre, a 
turning). A toj consisting of a reiolving curd with a number of pio- 
turw of the Eame object in ilitferant pf>sitioR^ llie eflecl of which is U 
nkake it appear oi if the object were in rajiid motion. 

Tboracic Unci (Gr. ^upa£, Momx, the cheflt). A narniw tnh«fl 
numing fnim below upward within the back pari of Ihe chest, whicfcj 
U the main trunk of the lymphatic ressels. 

Tibia. The principal bono of \!M leg, below ibc knee. 

TtcDoi^i.ottSBUX (French). Lilenillr. ihe"piiiiitulEpa&m." Ken* J 
ralgiaofthc fifth cranial nerre or of some of its branches. 

TisBUE. Anj fnbslunce or texture in the body formed of vi 
demaits, mcha> ccUk, libres, Uood-vessels, etc, interwoven with aadl 1 

Trachea (Gr, rpo^tTu, (mri™). The csrliliginous and meat I 
branona tube leading downward from Ihe larynx lo the top of tl 
chest. The niudpipe. 

Tijtcus. A ehort riJge-like elevation in th? front border of llie 
external ear. 

TnAHBFOSIOH of thc Blood (L. fmni, over, across, taA/vado, ti 
pour]. 'Ilia operation of inlrodneing frosh blood from the lessels of 
one living animal or rann into tho^ of another. 

Tbioevikii. Kerve (!•■ trea, three, and ireiniiHfi, alike). Tlie Rflh 
Oanial nerve ; the great aensitive nerve of tlie fuce ; called " trigemi' 
nil" because it divides, just before leaving the catily of tlie cranium, 
Into three nearly ennnl branciies. 

TnocntEAKiH Muscle (Gr. Tim\Aia, trorhUta, n pulley). The up- 
per oblique muscle oF the evelmll j «o railed because its tendon passes 
through a pnlley-like ring. 

Ti'HER Akhulare (I.,]. Literally, the "annular" or "ring-lUM 
swelling." A rotindeil proiuherance of nervous mnller, Eilnated at tha 
base of the brain, just in front of the medulhi oblongata. 

T011CI.E. Atinle t4ile. 

TtTRBERATED Boiies (L. lurlio, a whirling or coniolntion). 
Hilled or convoluted plates of Imno attached to the 011 ter wall of ea 

TncPAmiM of the Ear (L. lympftm-m, a drnm). The cavity of the 
ear Nluated between the labvnnth and the boii<ini of the external au- 
ditory meatna, closed internally by the membrane of the oval fbnestrn 
Bod extentally by the membtana of the tympanum. 

UnAtE OF Soda. A sTibrtance formed cf the combination 
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uiinul and wiih sods, produced, Uke ureit. in Ibe prorcss of accretion, 
Bnd discharged from Ihe Iwidy by ilie kidneys. 

Ubea. a substance produced ia tbe pnKuas of excreiiou. and dis- 
charged from tho body by the kidneys. 

UvL'LA (L. «i"i. a grnjie). Literall;, a "tittle grope." A coniCBl 
fleahy ^ipendage altacbed to the lower border of tlic hanging palate. 

Valtttla CoKKivHNrEs. The valve-like fulds or projections of 
the lining membmne of the small inienine. 

Vascuijib. Containing or belonging to blood-vesscla. 

Veih. a vessel serving to convey the blood from Ihe various or- 
gans inirard to tho heart. 

Vbnoub Blood. The ditrk-colored blood contained in the right 
aide of the heart and the veins of the general circidiitiun. 

Vejitilation. Tho method by which the air ia renewed in »port- 
menls and dwellings. 

Vbhtrtci-b (L. venlriculas, a little stomach). The lurgcr and 
thicker chambor of the heart, on ooch ada, which receives Ihe blood 
from the corre)iponding auricle and dischargea it iolo ihc artery. 

Ventricular Valve*. The valves Btttmted in tbe heniE at the en- 
trance from the aoiidos (o the i-entrides. 

VeBHICPI-iX Actio" (L. rermij, ft wtirm), Tbe muscukr wmtwc- 
lion of certain ports of the aUmentaiy canal ; so called bocanse it re- 
sembles a crawling or worm-like morion. 

Vesicle (L. etaieuh, a little bladder). A small ronnded lac or 
bag cotaposcd of a thin niiimnl membnuie. 

Vestihitlb. a rounded chamber in the petioui bone, forming a 
portion of the labyrinth. 

Villi (L. dilat, hair, or the nnp of shaggy cloth). The minute SI- 
amentons projecdons from the inner surbce of Ihe lining membruie 
of the small intestine, 

Vrriteocs Body (L. infrtun, gUss), A colorless gbissy-looking tab- 
slance, of gelatinous consistency, which fills Ihe cavity of the eyebfiU 
behind the crystalline lens. 

Vocal Cuonna (L. vox, cocii, the voice). Two eUtlic bands of 
fibrous tissue, forming the lateral edges of ihe glottis. Their vibra- 
tiona, commnnicated to the air, produce the sound of the voico. 

VoLrrioN (L. volo, to will). The ncrvoos act by which we inteo- 
lionally excite the muscnlar contractions. 

Wi9i>oii Teeth. The four posterior molar teeth ; so called b^ 
cause they do not moke thtdr appearance nntil the age of from wven- 
teen to twenty years. 
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Abdomes, muscles of the, p. 381. 

orgnna of, SSG, 
Abwrbenl veweU, 127. 

of ihe abdomen, 1:29. 
Abwrpliun, 119. 

oftliefooil, Iin. 

nature itnil method of, 1^1. 

by the Llood-vemeli, IT2. 

Iij Ihe Incteals, Vil. 

of bile from the inleslino, 1 40. 

of siigai from the liver, 143. 

of ojcygen in Tespiretioo, 170. 
s mutdrikl by the 



rs of the gtutria . 
juice, 101. 

of (he iaiestiiml juice, 109. 
of ihe pancreatic joice. It!. 
of Ihe blood, HB. 
of the breath, 175. 
Alcohol, {irodiu.'ed by lennentalloQi 

77, 79, SO. 
AlimenUiy canal, B5. 

different puns of, B6, B7. 
Animal heat, -'OO. 

J life, 202. 



liABUca, 2l:{. 
Achilles, teodon of, 32. 
Adipose dune, Gl. 
Air, Rtmoapheric, liiS. 

com portion of^ Iii9. 

qtunticy of, used in rcspira- 



renovalion of, iij vontilation, 
176. 
Air passages, IGl. 
Air VGsiclei of the luugs, IGl, 163. 
Albumen, <A. 

of tbe blood, UG. 
Albumino^. 103. 
Alhomiaoiu mattere, G3. 

dilTerent varieties of, <J4. 

distiuguislkiDK propciliea of, 

6i-«e. 

proportion of, in dilTerenl kinds 

of food, 67. 
decompositioa of, in the body, 

W. 
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regiilnlion of^ by perqdralian, 
2113-207. 
Aall-helix, 338. 
Anii-traeiu, SUO. 
Anvil, 3»6. 
Aorta, ISn, 

arch of, 1S6, 190. 
Apparatu^ digestive, 85. 
Aqueom htunor, 3 1 7. 
Aromatic substances, 349. 
Arterial blood, 1 7S. 

change of, in the general cil^ 

Arteries, 190. 

arrangement and distribution 

of, 190. 
elasticity of, 191. 
palsotion of, 191. 
carotid, 192. 
temporal, 1U2. 
radial, 193. 
movement of blood throng 
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Atwtt, pulmanttt7, 18t. 


Blood-i-esseU, different lu>|^^^^| 


ArywrnoTd cartiUgta, 270. 
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RbKcptionby, 1S2. ^^^H 


At>dtU»7 meatOK, cxiemal, 338. 


Bone, temporel. 373. ^^^H 


Auditory nerre, 333. 


fniniBl, 37». ^^^H 


disuibutionor,:m. 


parietal, 373. ^^^H 


function of, 33.1- 




Aiiridi»,oflhebMrt, 183, 18i. 


itructura of, 20, 371. ^^^^H 




eliielidlv of, ST.. ^^^H 


Back-bone, 31. 


oftheiDfiu]t,300. ^^^H 


Beer, 80. 


osfification of, 3G0. ^^^^H 


Bicen fiexor, 30. 




Bile, 13.'i. 


3G7. 1 




ofthebmbis374. 1 




of the ivrisl aud hand, ST.".. J 


bladder, 137. 


of the ankle, instep, and 1— . ■ 
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Bony BTstem, 373. ^^^^H 


I as. 


Brai^hialU nnticDR, 30. ^^^H 




Brain, 331. ^^^H 


tion a, 14U. 




BiUwy dud, 68, 135, 890. 


in, 213. 4 


Biliary wiM, 138. 


paralysiB from injury of, 21.'). 1 


rrj-stBlliiaUon of, 139, 




Bleeding, ctfcvM of, l&G. 


pednnclet of, 38*. | 


how sumped, 152. 


Bread, 76. ^^^fl 


Blood, Uo 






bakinK of, 78. ^^^H 




Bronchi, ^^^H 




Broncliisl tubea, 1 63. ^^^H 


H7. 


^^^^H 


globules of, US. 


bow obtained, 75. ^^^H 






coagul»tica.of.l.M). 


Botyrioe, ^^^H 


entire quantity of. 155. 




0irecMpn)ducBdbvloiIC)f,156. 


Calcanenm, 33. ^^^^H 




Calf of the leg, dximIm of.^^^H 


two differeni kinds of, IGG. 


Canals, lachrvmal, 329. ^^^H 




•emicirculnr.331. ^^^H 




CapilUryblood-re»clMQ3. ■ 


Tenons, 171. 




■rterinl, 172. 








roiii«e of, through the heul 


in respinition, 1 74. ^^^M 


and lungs, IMl. 


exhaled icitb ibe braU^^^H 


mmement of, tlmoiigh the ar- 


Cardia. 86. ^^^H 


lerira. 192. 


Ctirotid arteries, 193. ^^^^H 


through the capiUuiea, 191. 


Carpus, 375. ^^^H 


(broogb the Te■o^ 19.1. 


Canilage, 35. ^^^H 


leropcralnreotaOI. 


Canil«««, aryieiHnd, 270. ^^^1 


Blimd-veMelMSE.SW). Cueine,6l. ^^^H 
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making, 7G. 
Catnlv.il., 131. S14. 


Coat of the ejehaU, sclerotic, 309. 

.■horciid, 310. 
Coclilen, .1:H. 


Cells. glnndHlnr. of lUe liver. (13. 


fDllar-lx.ne,lGO. 


vegemblB, of yeast, M. 


Cnlon, 88. 




Column, Kptnul, 22. 


CelluUr tiuiiB. 26. 


CoUitnns, nnterior and poilet^r, 




oflhe«pin«lcord,24a. 


.truilHre of, 283. 


Concha, 340. 






Cereliram. 331. 


nnlorgnns, 100, 197. 


sitiutioii, ronn, wid urocture 


ConianctivB, 327. 


of, 28r.. 


sensibility of. 830. 


fuiiciions of, !8G. 


Conitriclor. of the phMjnx, 200. 


Clmin of bone* in the fympniiam 


Coninclion of the miiMie*, 20. 


of (he ear, 83G. 


oflha heart, 186. 


Cl«ese. 7G. 


Contrast, effect of, in light and col- 




or, 333. 


movements of, in rwpiralion, 


in sounds, 340. 


lfi«. 




orging of, 381. 


sjiinal cord, 262. 




Cornea, 310. 


U>,SG4. 


Cranial nerves, 282. 


growth of muwies during, 361. 


functions of, 266. 


develiipment of seniles in, 3C6. 


fif.hpairof;267. 


duinge of dentition dnring, 


Cranium. 22, 872. ■• 


3G3-aii7. 


ossification of, aei. 


aiondrine,2l3, 


Cream, 7f>. 


choi^ vocui, ann. 


Crenlliie, 220. 




Creatinine, 220. 


the voice, 27.^ 


CriLrlfom. plate of the floor of th. 


Chonud coal of the ot-ebdl.SIO. 


skull. 342. 


Chj-le, 111. 


CrjBlallinB.213. 




Crystalline Jan^ 313. 


Ciliiirv nerves, 317. 


AiiKtioni of, 313. 


Circufnlionoflhfl Wood, 182. 


Crystnls, of fat, 58, 60. 


organs of, 182. 


oflhe biliary sails, 130. 


Ibroagh the beart end longs, 
leu. 

through the wterics, 192. 




Decussation of motor and sensitive 


through Iho capillarien, 194. 


fibres oftfae spinal cord. S44. 


tlirough the veins, 195. 


of the optic nerves, 307. 


rapidity of, Itlli. 


Deglutition, 97. 


vuialionsuf, 197. 








nene» on, 800. 


protection of the nostrils and 


Cloi, 151. 


glollis dnring. 2(i7, 272. 


Coagidatian,G4. 


Dentition of infancy, 363. 


ormLlk.Q.'i. 


cluinge of, during childhood, 


ofthe blood, 150. 


306. 


imponnticeor, i:i2. 





Developnient of ihe akeleton, 360, 
807. 

of Ihe (c«Ib, 3G3, SGG, 3G7. 
of ihe musciea, 361. 
of ihe SDnses, 36.'>. 
of Ihe mental powers, 308. 
Sisphragm, 1 64. 

-• -;n respirsiion, 



EnaUichi&n lobe, SSS. 
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Vigeslibilii? of difTerent kindi of 

food, 10.1. 
Digestion, S3. 

nnmre of, 8*. 

apfHirBlDsand organs of, 8l>,8 

of albuminous matters, 102. 

ofmnk,103, 103. 

of starch, HW. 

of fut, 1 1 1. 

producls of, ll.'i. 
Digestire uppainlna, 85. 

periodiciil exdlement of, 13 
Digeeiive Kcretious, ss, 

properties and action of, 9 
<JM, 109, 110. 

reahaon>li<>n of, 1S6. 
Dmm of tlie ear, 3^ 
Duct, biliary, 88. 



products of, S18-S20. 
Exercise necessary to heallh, 37. 

aoai useful kinds of, 38. 
Expiration, movement of, 1G4, 1C7. 
Expression, moremenia of, 261. 
Extensor muscles, £8. 
External oblique muscle, 381. 
Eve, 806. 

simctnro of, aOC. 

orbit of, »09. 

nec«a«arvprecantiontin nriuf, 
831. ' 



330. 

exiomat, S38. 
Ear-wax, 33'J. 
Egg*. 73. 

compo»tion of, 7'!. 

effect of cooking on, 7i. 
Elastic ligaments, 2i. 
Elasticiiy of the skelelon, ai. 

of iheaTterieii,l91. 

of the vocal chords, 2T4. 
Emulsion of latty anbstances, CO. 

in digestion, 113. 
Enamel of the leetli, 60. 
£nilosmoiis, 1'Jt, 
Epiilidiiim cells from the saliva 



Eyeball, 309-813. 

tnovements of, SSG. 

protection of, fivin i 
injur*, 3S6. 
Evelashcs, :^. 
Eyelids, 326. 

mocementt of, 837. 

in winking, 328, 

Face, 372. 

seoHbility of, 257. 

neurslgin of, 259. 

motor nerve of, 161. 

paralysis of, S62. 
Facial ner^-e, 261. 
Fats, 67. 

tUfferent rarietiea of, 57. 

cryslalliMtion oi; Z>9. 

emulsion of; CO. 

condition of, in the body, CI. 

proportion of, in diffeteni Undi 
of food, 62. 

decompositioD of, in [be body, 
63. 
Fat vesicle* of adipose lissne, CI. 

digcslion of, 1 14. 
Femnr, or tliigh-bone, 23, 375. 
Feocjitni, oval, 385. 
Ferment, 05, 

of the gastric juice, 1 08. 
Fennentation, nature and defini- 
tion of, CA. 
of angar, S6. 
of bread, 77. 
of wine, 79. 
of beer, 80. 
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r Tlbrea, moacnlar, 2B. 




Fibres, nervons, 298. 


of the valies in the heart, 137. 


two dilTerent kinds of, 233. 


of the perBpinition, 2(W. 


Bensitive, 2S3. 


of the nen-ous syslcan, 227. 


motor, 234. 




Fibrine,ei. 


of tlio nenfous centres, or gan- 


in [he blood, 147. 


glia, 28S. 


GODSulnlionof, Ifit. 


of the spinal nerves, 288. 


daUydecomporitiunandront. 


ofthespinnl cord, 2*9. 


vation of. IS4. 


of the cranial nerves, 25G. 


Fibttk, or »plinl-bone. 875. 


of the fifth pair of cranial 


Fifth pair of cranial (icnfes, 2B7. 


norves. 237. 


«en»ibilitj of, 258. 


of the ronstienlor nersev 260. 


oenralpa of, 269. 


of the temporal muscle. 260. 


motor portion of, 25n. 


of the moaseter muscle, 260. 


Fingers, deep flexor of the, 382. 
Flexor muaclea, 28. 


of the pterygoid muscles, 200. 


of the facial nerve, 261. 


ofthennn,31. 


of the third, fonrth, and sixth 




pairs of cranial nerves, 262. 


ofagland,2l5. 




Font«nellra,3GI. 




Food, nalnre and nec»sily of, 45. 


266, 269, 276, 277. 


ingredient* of. 46^r». 


of the cereLnim, 2B6. 


dilFerant kinds of. 72. 


of the tuber annulare, 288. 


essential qualities of, 81. 


of the med.illa oblongata, 290. 


daily <iuimtily of, 62. 


of [ho cerebro-apinal nervoos 


digestion oi; 8fl. 


svstam, 204. 


Foramen, optic. 300. 




Fronl4il bone. 373. 


system, 2a4, 300. 
of [he optic nerves, 308. 


Ponetion, definition of, x!i. 


ofthe bones. HI. 


of the choroid coat of the eve. 




310. 


of the muscles, 2G. 


oftho retina, 311. 




ofthecrj-slalliiio lens, 818. 


ofth«teet^lKI,9]. 


of the muscles of the eyeball. 


of tlie saliva, 94. 


325, 326. 


fftlie tongne,95. 


of the tears, 327. 


ofthe gastric jnice, 101. 


of tlie orbicularis muscle of 


of the intestinal jui<«,I(K), 


the eye, 328. 




of the Meibomean glands and 


of lh<3 viUi of Ihs intestine, 121. 




of the Ijmphntic vessels, 12B. 
of the fiver, 13.-,. 




of the auditory, nerve, 335. 




of the tympanum and chaia 


of the bile, 13U. 


of bones, 330. 


of the blood globule*, 140, 173. 


of the EosUtchian tube, 336. 


of the lungs, 160. 


□f the olfuctoty nerves, 342. 




of the guatatory nerve, 346. 




of the glosso-phaiyngeal nerve 


of the heart, 1S3. 


360. 


oflbeuukHlSa. 


Functioos, cUsdficatioa oC zv. 
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^H GALBH.functioDi of recoireDI nerve 


Gloiiis. tbe fmni^^^l 


^P discovered bv, S66. 


the voice, 37,i. ^^^^H 


^ G«U-bbiddcr, 137, 390. 


Gluten, ^^^H 


Guiglion, 23*. 


of wliEal Sour, ^^^H 


ofihen-innlwrd.WS. 


Great pectoral miuele, 3T9l ^^^^^H 


Gauerinn, i^7. 


^^^H 




Gntutor? nerte, MG. ^^^^H 


^ 2Gt. 


di^tribuiioD of, to the ud^^H 


^L oril>eniberannii]iire,3Sl,!8S 


^^^H 


^1 of llie medulla oblongata, ::83, 




■ 286,291. 


Elen^ng palate, 266. ^^^H 


H Miii>lun>r. 298. 


Head, or skoIL 372. ^^^H 


^M of the seiue of sight, 286, 30G. 


Hearing, wnie of. 333. ■ 


^M ophThalmic, SIC 


llelisoflheear,339. T 


^H of Meckel, 345. 


Heart, the, 183. ■ 


^H Ou,oxrBeD,l58. 


differeot cavities of, 184. M 


^1 cuWiiu >dJ. 77, 79, 174. 






circuUtioD of blood thraj^^H 




^^^H 


■ Guttk joint, !K>. ' 


valves of,lB7,)e9. ^^^^1 


^m Mcretian of. 100. 


invuluntarv action ot ISI^^^^H 




nerves of, 297, 299. ^^^^H 


■ BclSon of, b dieestioD, 101, 


brgxht Of, 3S5. ^^^H 


■ m. 


Honr, animnl, 200. ^^^H 




ne,»»a.7tolife,203. ^^H 


^ Gutric lubolEs. !)&. 


source of. 202. ^^^S 






Gate-keeper, 388. 




General Boniiibility. 2*7. 


203. 1 


BcatcDeBeo^ in different jiarlB, 




248. 


21)3-207. -^^^^M 


Germination of seeds, prodoctiuii 




orBUEarin,5.'.. 


Uepntic vein, 12S. ^^^H 


UlMd, parotid, 91. 


Hip-bone. 22. ^^^M 


sabmuuUary.'Jl 


Humerus, or npper arn-boM^^^H 


■ «ublingiuil,91. 


Humor, aqueoas, 817. l^^^H 


■ Mnicture of, Sir.. 


lljaioid membrane of tbe ew^^^H 


■ Urkrjnud, S27. 


Hvdropliobia, 2.^2. ^^^^M 


H Glands, MliTirr, 91. 


Hveione, defioiiion of; 13. ^^^H 


■ ECS?;IS' 




Infonc]',con(lilian of the orgaiM in, 1 




H=VJ-3C4. J 


H GloUiIesofoil,69. 


Inferior Urjngenl nerve. 2Gr.. ■ 


^B ornulk,CU. 


Inorganic subiinnce* in the tlMl^^^H 


^B of the blood, 148. 


and in the food. i6. ^^^H 


^1 Glottis, EtmcRire of, £69. 




^H tnoremenls of, in respirBlioD. 


Inspimlion, movement of, 1S4.^^^H 


■ 


how excilcd, 292. ^^^H 


^B prolecUon of. in deglnlition. 


Inslinrt. natnre of, 290. ^^^H 


^H 






n of, 100. 

perisiiiUic moremenC of, 113. 

complete digestion of Tood in, 
113. 

villi of, 120. 

TeJD* of, IZ3. 

Ijmphatica of, 128. 
[nlesiinol juice, 109. 

action of, on atarcb, t tO. 
Iris, 315. 
Iran, combinations of, in tlio food, 

61. 
IrritBbility of nerToii* fibres, 233. 

of the glottis, 371. 

eftbe conjuDctivo, 330. 

Jaw, lower, bone of, 373. 

upper, bones of, 373. 
Jndgmenl, faculty of, 287. 
Jnice, gastric, 9^. 

inteatiaal, 109. 

pancre&tic, 110. 
Jmnping, morements of, 34. 

Eerntine,213. 
Kidneys, 301. 

BranoUled portion, 392. 

Btriated poriion, 392. 

Labyrinth, 333. 
Lachrymal cannls, 339. 
Lachrymiil gland, 327. 
Iac tenia, 1^7. 

nnd lympbaticR, 130. 
T.«etic acid in soaring milk, C5. 

ID gnatric juice, 101. 
Large intestine, 83, 38!). 
Larynu,l61. 

nerves of, 2(14, 2Go. 

movements of, in respimrion, 

270. 
production of the voice in, 
271. 
TiMping, moiements of, St. 
Lens, crystalline. 812. 
rnnction of. Slit. 
LikbkskBbh, fUlicIes of, 109. 
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Ligaments, 21. 

elastic, 24. 
LimbB, 374, 882, 383. 

a ID the bones, 19. 

proportion of, in difTerent tia- 
guea and floidi, SO. 

in llie food, 51. 

In the blood, 14G. 
Lining membrane of the mouth, 93; 

of the stomach, 98. 

oflhe small intestine, 109, lia 

otihophm'ynjt, 21)7. 

oftlie larynx, 271. 

of the eyelids, 327. 

of the nasal pasangei, 843, 
Little pectoral muscles, 72, 3791 
' ■ :. 134, 380. 

ulufliion nnd vnaculnriiy oT. 
184. 



134. 

Tonnalion of sagor in, 

lobes of. 390. 
Lobnles of the liver, I3.i. 

of the lungs, IG2. 

of a gland, 215. 
Lower limb moscles, 383, 



Lnngs, 1(10,3 



of, 1< 



-168. 



into, le*, 

elasticity of, 167. 
distribution of blood-vewcli 



Magnesia, combinations ol^ in tht 

raod,nl. 
Mallet, 33G. 
Margarine, HI. 
Msrrom of the bonea, 20. 
Masseter muscle, 2tjO. 

organs of, 89. 

importance oftlie saliva in, 9fc ^ 

action of the tongue in. 9.-.. 
effect of, on the food. "JO. 
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Muetioilor uerre, 2U0. 


of the glottis in nspintioi^ 


Meat, 7-2. 


2G'J. 


H composition of, 72. 


oflhepopil.nlR. 


^B effect ofcooliingon, 73. 


of the eyeball, 3:^^. 


^M Meckkjl, guii^on of, 34S. 


oftheeyeliil>,H2i!. 


^M MediUta oblongata, 232. 


MucoM glandule] of llie month, 93. 


^H Btnictura of, 2H3. 


Mucus. ■-Ml. 


^H ftmction oT, 290. 






MusfJes. Hmcture and ociion rf, 


^H MCTGtionof.329. 


25, 871, 370, 


■ Membntne, hydtud. of thu eye, 




■ 


relaxation of, 27. 




flexor and extensor, 28. 


H 


attach men t aud menhiiiiiMi 


^B ofthesUnniich.ilS. 


of, 80. 


^H oftheunaU intestine, IDS, 119. 




^M of the pharynx, 36T. 
^M ofthe larynx, 2Tr. 




inierco.tal,167.88l. 


^M oflheGyelidit,<I^7. 




^r of the nasal paFSSges,34n. 


ofexpreMion, 261. 


^" Mambrane of tlie tvmpanum, 83G. 


ofdegloiition, 266. 


vHiations in Wosion of, 838. 


cf[hebBngi[iEpiilate.26S. 


Memory, 287. 


oftheerebnll.32.^. 


Mesentery, 129. 


orl.icuInris,8£8.977. 


Milk, twporition of, 74. 


of the bones of the tympanom. 




338. 


^1 


of the external ear, 340. 


^H digeation of. 101. 


gnjwih of; dunng childhood, 


V Mitk globule*, en. 


3ei. 


^ Milk loeth, 864. 


occipilo-fronlalia, 377. 


ahoUding of, 8GC. 
HoloHW, hov obtained, 5G. 


compreaaor, 878. 




Motion, funcUon of, 238. 


pyramidal, 378. 


Motor nerve, of the eyeball, Sfl2. 


great pecwral, 379. 


H orihetoogne, tiC3. 


little pccloral, 379. 


^h or[helnr7nx,2C6. 


trunk. 379. 


■ Motor nenous fibres, 234. 


abdomen, external and intw 


H Mot^r portion of the fifth pair of 


nnl oblique. 381. 
straight, of the abdomen, 381. 


^H emtiiul nerves, 250. 


■ Mouth, es. 


upper limb, 382. 




Muscular fibrei, S5. 




Mu»cularmtem,S71,877. 


H ofninmng,84. 




^B of leaping, 34, 35. 


Mmucal notes, how produced, 3* 1. 


^M ormm9iicaiion,9l. 




^M of deglutition. OS. 


Nasal dnct, 329. 




Nasal passogM, 843. 


^M ofUleinteelin^U^. 




^m ofrwpi«tion,iM. 




^M of the Leon, 18&. 





^^Q^i^^n 


^^^^^^^^^^^^■■^^^^^^H 


ISDBX. 419 


Nerve, trigetninnl, 257. 






"FaU." ^_ 


fiicifll.2(;i. 


Oleine, I>7. ^^M 


hj-poKlossal, 263. 


Olfactory nerves, 341. ^^H 






Huperior larj'tigeal, 2G4. 




inferior lao-ngesl. -'65. 


action of, 317. J 


oplic.SOC. 


Optic ronimoD, 3UC, 1 


nuditoiT, 333. 


Optic nerves, 3tMi, 1 


olfectoiy.Sia. 


decusBBtioD ot, 307. J 


giuutory,34G. 


lerminaUon oi; in the "H"-- 1 




308. ,^^H 


Werve cells. 234. ' 


Optic Ihalami, 385. ^^H 


Nerve, i^innl, 238. 


Oplic tubercles, SCO. ^^M 


inlem»i>d aod phrooic, 21G. 


reSex action in, 808. ^^H 


crania], 25G. 


Orbicularis muscle of th« eye, 828: ^^ 


oftheefebBlt, 262. 


OrbiCDlnr muscle, 877. 1 


of the larrnx, 26^,26,1. 


Orbit of ilio eje, 309, 378. 


nympatlieiic, S07. 




of npecittl sense, 305, 


of the voice, 27*. 1 


ciIiArr,8l7. 


of the mind, 286. _^^H 


Nervous centre, 234, 


of the sight, 309. ^^H 


NervouB Sbres, 228. 


of hearing, 337. ^^H 


Btracture of. 229. 


ofBmell, 343. ^^H 


irrii-biUiy of, 283. 


of taste, 346. ^^H 


sensitive, 233. 


Organs of digealion, 86. ^^H 


motor. 234. 


of respiration, 160. ^^H 




of circulation, 182. ^^^H 


and faactions of, 227, 371. 


of secrelion, 21G. ^^^^M 


reflex action of, 2.^.1. 


united action of, 2S7. ^^^H 


cerebro-spinel. 238-291, 


of the human body, 371. ^^^H 


ayrapathelie, 297. 


Oisiflcacion of the skeleton, aOOL ^^H 


ofthem^fln^3e8. 


Osteine, 213. ^^H 


Network, capUlary, 193. 


Oxygen, 158. ^M 


Neuralgia, 2n!». 


importance of, 150, 1 


Neurilemma. 230. 


absorption of, in respiration, 


Nitrogen,!. ',9. 


170. 


Nuvleusofneneceila, 234. 


piration, IT3. ^^ 


■ Nutrition, functinnB of, xv. 




^^M 


1 


Fatale, hanging, 2G8. ^^H 


■ Oblique muscles of the ejeball, 


Pancreas, 1 10, 390. ^^^H 


W 32,1, 


secretion of, 1 10. ^^H 


action of, 320. 


Pancreatic dact, 88. ^^^H 


Occipito-frontalu, or scalp m'lade, 


Pancreatic juice, 110, SSI, ^^H 


877, 




(Ejophngns, SG. 


action of, in digesUon, 111. ^^H 


perictallin nclion of, 97, 887. 
Oil globules, S!), 


Pancreatine, 111. -^^ 


propenies and nclion of, 1 12, 1 


of the liver cella. 62, 


Par vagam, 264. See "Pnewno. 


oraiUk,e2, 


gastric nene." 


^^m '1 "■ ^ ' 


^^^^^^^^^^^m 



243. 

from injury of iho brain, 245. 

of the intercoslal moBclel, 247. 

of the diapliragm, 247. 

of the faco, 3*ii. 
Purnplegin, 244. 
I'Hrolid gUnd, 91. 
l'B»4ige«,ur, I6L 

DBsai, 842. 
PeltiR, 2'', 374. 

of (he Enfknt, 3G). 

oaaillcation of, 367. 
Pepsins, 101. 



I 



..lig. 



,103. 



risialtic acboD oft be cssoplingu! 



37. 



ortheslomich, 100. 

of the nonll iiiiestiae, 1 1 
Parspiration, 201. 

compoEiiion of, SO^i. 

function uf, 205, 206. 

daily qnanlity of, 307. 
Perapiratoiy glnnda, 204. 
Petroud bone, S33. 
PhBr\-iu(, 8G. 

nerves of, ZfA. 

cotiRtrictora of, 2M. 
Pharyngeal bnuich of tlie pnenmo- 

gutric nerre, 264. 
Phrenic nerve*, 247. 
Phjsiolc^, deflniiinn of, 13. 

usefdness of, VA. 
Plexus, arterial, of (he Eympathi 

«olar,298, 
Pneamogaitrie nerve, 263. 

phai^iigeiil and laryngeai 
branches of, 264, 2011. 

action of, in awalloning, 266. 

diitribulion of, lo the langa, 
27C. 

to the Btonui«h, 277. 
Pom Varolii, 281. 
Portal vein, 1S». 

diatnbntionof, in ibe lirer, 1 24. 
Fotaah, combinatuMa of, in the 



Protection of the iMwtrili daring 
degliKiiion. 267. 
of tlie glotlia during degluli- 

Tioii, 272. 
from injury by cold and wet, 

.■SOI. 
of ihe eyeball from mecbaoical 

injury, 826. 
of the eye by the Hmaibility 
of [he conjuncciTB, 330. 
Pterygoid moKlea, 260. 
I'lynline, 93. 
Pulmonnry artery, 184. 
Pulmonary vein% IS4, 38& 
I'uisc, 191. 

-npiiliiy and characu 
l!t2. 
Puliation of the heart, 185, 
I ofthoaneriei. 191. 
iPopilofiheeye,9i6. 
I KUMbilicy of, 309. 
m(n-einenlaof,aiS. 
dilebilion of, from raentnl emn- 
tion, 303. 
I'ulrefiiciion, UO. 

warmth niid molctnre 
sary for, 67. 



Quanciiy of btood in the 



1, r.i, 



ieriea,l92, 193. 






lonlilv. daily, of food, Bl. 
of tali Tn. its. 
of gflsiric juiL-e, 104. 
of bile, 13'.l. 
of nir used in reitpinitioiir 

169. 
of oijgen FonEumcd, 1 



IMl- ' 

i 



RadinI artery, 192. 

Kailius, 3Tm. 

Itenbaorption ofibe digMtire fl< 

130. 
RstisoTi, 288. 
Itonplacnlum chyli, 129. 
Recto m, 88. 




of the spinal cord, 2M, 

of the tober annokre, 230. 

of rcspiraUon, 2!I2. 

oftheBjrmpfttlietKiiyBteniiSOS. 

of Ehc npticlubenrlea, 3UH. S I C, 

uf winking, 32H. 
B«l»x&tioa of the muscles, 27. 

oftliehesrl, IHG. 
BeniMt, 76. 

SepciEe, necessity for, 3D. 
Recpiratiun, t!S. 

organs of, I Ofl. 

movenicNlA of, Idl. 

freiiucni'v of, I(iJ, 

qiuuitit)' of iiir used in, IC9. 

(-Iianges of the air in, ITD. 

thange of Ihi? blood iu, 1TI. 

itctioii oflhe blood globules in. 






n of [iirlKiiiic Htid i 



of the gloH 



of ibe glottis, STO. 



Sennion of divided ii 
Ribs, H»;, 374. 






Boots of the spina] nerves, sei 

tire nnd motor, '24l>. 
Runniog, moveraeots of, 341. 

blira,llt. 



Salivnr}' glandit, 31 
"lit, L-umnion, HniDgredient of tk 
food, 48. 

proportion of, iti the I; 
and fluid)), 48. 

importance of, 4t). 

in (helluoJ, 14G. 
Salts, bUiary, 1H8. 

crvstnJIiEatinn of, 130, 

decomposi^on of, in tfa 

leaiine, 140. 

Scapula, or ihoulder-bUde, 870. 

Sclerotic cont of the eyebuli, S09. 

Sebaceous matter of ibe akin, 207. 

of the evelitls, S2'J, 

oftlie saliva, 9!. 

of the gnstric jotce, D9, 100. 

of the intesllnnl juice, 10». 

of the paticreatic juice, 1 10. 

of the bile, IHn. 

of the pcr«pimrion, 205. 

ofthe tears. 327. 

orihoMDibomenngUndi,32(hrJ| 
Seniitirciilar cunala, 334. 
Semilunar gnnglion of the a; 



Ihelic 



B,2a8. 



Sensation, 333. 

gnnglion of, 2$8. 
Sense of touch, 347, £iS. 

of aiglit, 306. 

of hearing, 333. 

ofamell, MI. 



of la 



s,34fi. 



Senses, development of, 365. 

Sensibility, acateneaa of, in 

It parts, 'J47. 

10 pain, 2i». 

to heat and cold, 240. 

oftbef«ee,267,2S8. 

of the glottis, 271. 

ori\e pnpil, 30n. 

of the conjunclivH, 830, 

.itire nerves of the face, 268. j 

of the larynx. 264. 
.'^ensiiire nervona fibres, !33. 
Sonim, 1.^1. 
Sevanrh pair of cranial ner^ 




422 



Sheath of the nerves, 
Sight. sciiBO of, 300. 

orgBD of, SOO. 
Sinews, 30. 
Skeleton, SI, 872. 



cluticitj' of, S6. 

DBEiilctition of, 3G0. 
f-kull, 22. 

oftheiiifimljSOO. 

OBsillcBtioii of, UCl. 
Small intestine. 86, 38S. 

entrance offood into, 108 

eecretion of, 1 09. 

perislnltic movement of, 

digestion in, 110-1 lit. 

lining membrane of, IDS, 

villi of, 120, 

Ij-mphotira of, 128. 
Smell, Bonse of, 341. 

nerves of, 1U2. 

usefulness of, 84S. 
SwIb, combiuationB of, in the I 
61. 

in the luliai? salte, IS8. 

nmte of, 220. 
Solur plexus of the sympathetic 



Solidity and projection, a)iprccia> 

tion of, b; the eyes, 320. 
Soand, bow produced, STt. 
Specijil sense, nerves of, 306. 

orgHDs irf; 3CMi. 
Speciiil senses, definition of, 305. 



nnU 



1.231. 



Spinnl column, Zl, 374. 
of the infant, 300. 
osiilication of, SGI. 

Spinul cord, 230. 

form and ninicturo of,24I,242. 
efl'ecCs of injury to, 243. 
decussation of, 244. 
ocliun uf, m h nervous centre. 

reflex action of, 2:^0. 
Spinal nerves. 2»1. 

distribution and functions of. 



Spinal nerves, MDutice and motoi 
roots of, 240. 

termination of, tn the brain, 
242. 
Spleen, 3H1. 
Sinrch, 61. 

of the potato, S3. 

of wlieiit flour. B3. 

of Iiiiliun com, 53. 

proportion of, in difierent Lindi 
of fuod, 53. 

eflert of bailing on, /i4. 

conversion of. into sugiir. 54, 

chongeof. in bread-making, 78. 

digeation of, mo. 

crjstaltiuitioQ of, 58. 
SlereoEcope, 323. 
Stirrup, 33Q. 
Stomac^h, 86. 8S7. 

lining mcmbranB of, S8. 

secretion of, !I9. 

peristaltic action of, 100. 

dittrihution of pnoumogaslric 
nerve to, 276. 

influence of pncumognstric 

Straight miiides of the eveball, 

32G. 
of the abdomen, 381. 
Striated bodies, S8fi. 
Sublingual gland, 91. 
Suhmitxitlary gland, Si- 
Sugar, fi.-., 

diftarcnt vniieties of, fi6. 
qunntilv of, in Tarious kind* 
of food, nc. 

fermeulaliun of, UG. 
disiippearnnca of, in the body, 

67. 

turmation of, in the liver, 1 41. 

iJiKirptian and decomposition 
of, 142. 
Superior laryngeal nerve, 2(14. 
SiVttUowing, i'7. Sea "Degluti- 

Sympathettc nervous (ysiem, defl- 
~ *.tion and functions of, 294. 
general arrnngcmcni of, S9T. 
influence of, on the intsmal 

organs, SOO. 



^^^^^^^I^^l 


^^^^^^^^^^^^^^H^I^^^^^B^^I ^^^^^^^^1 


^^l^r INDEX. *23j^J 




Tuber nnnulitre, 284. ^^H 


^B etiih and con tin ucdac: lion of, 30U. 


functions of. 2B8. ^^H 


■ reflex uciion o>; 302. 


Tympenuni of the ear, 33d. ^^H 






■ Tatios, or ankle-bones, 371i. 


^H 


■ Toste, sense of, 346. 


Ulna, ^^M 




Upper jaw, bones of, 373. ^^^H 


■ iuesor,848. 


Upper limb muscles, 3S2. ^^H 




Urate of soda, 220. 1 


■ conch, 95, lie. 34-J. 


Urea, 219. 


B Teora, (ecreiicin of, ii27. 


how produced and discharged. 


F paiiage of; into iliu DOsCrib, 


210,220. 1 




Ureter, 301. -^^J 


Teeth, 89. ' 


U'dIo, 268. ^^H 


incisor, 00. 






Valves ofthehatrt, 187-189. ^^M 


moUr.'go.' 


ef the reins, 196, 386. ^^M 


first ttppearante of, 3C3. 


Vnlvulie eonnivenlos, 120. 1 


flnii Mt of, HU. 


Vapor, auimnl, discharged with the 


lecoDdeetof.SGT. 


breath, 175. 


Temperature of the itilerior of the 


Vakolidb, bridge of, 284. 


body, :JOI. 


Vegetobles, prepnrniion of, by cook- 


Temporj] nrteiy, 192. 


ing, 91. 


Temporal mnacle, 2G0. 
Tendon of Aciullee, 32. 


Vein, portiil, 123. 


hepatic, 125. 


Tendons, 30. 


Buljclayiun, 128. 


m Tetanus, 262. 


Veins, pnlmonarv, 184. 


B Thaunmirope. 324. 


heart, lOe, 38«. , 


■ Thigh-bone, S3. 


movement of the biood in, 


V Thoracic duct, 127. 


Itlfi. 


■ Thamb, long flexor of [he, 333. 


VBlreaof, 196. 


■nbift, or shin-bone, 23, 37". 


Venous blood. ITl. 




change of, in re«piration, 173. 


Tissue, cellular, 20. 


Ventilation, necessity for, 175. 


adipose, CI. 


rnesna of; 17G. | 




Ventricles of the hcnrl, 183, 184. 


K 05. 






Vestibnlo of the internal e»r,833. , 


■ 34!l. 


Villi oftheinlestine, 53. ' 


■ distribution of nerves to, 34G, 


absorption by, 121. 


847,350. 


Vision, organ of. .100. 


Touch, sense of. 247, 248. 


nith and wiihout a crjsialliDS 


in the tongue, Sli, 849. 


lens, 313. 


TmcbemlGI. 


field of.3I7. 


Tragus, 380. 


liiieofdistinct,317. 




single and double, 319, 820. 


Trigeminal nerTo. 2.'i7. 


»ithbaiheFe9,310,321. i 






825. 


323. 1 


B Tnmk, the, 373, 370. 


ofintemal ori^,324. ^^ 


^ Taba, EosiacliiaD, 386. 


Vitreous body of (he eye, 313. ^^H 



I Vonll Bounds, how produced, ^74. 
Voice, ronnalioD of, 2H. 

VuiiiioD, itse, 28U. 



Wnlking. moremeats of, 32. 
U'nshing, necessiiy for, 207, 
Water, *(i. 

proportion of, in tho oiUDuil 



WnKr, Gxhaktioa of, wiih iha 
breutli, 175. 
wiih ibe penpinuion, SOT. 

Whiu^ Elobalea of ibe biood, IM). 
Wine, 78. 

fermenUtion of, 71). 

isparkling or etTeirescent, SO. 
Winking, 3ST. 

Iionr perfonned, 328. 
Wisdom leoih, auT. 



discharge of, from the body, 

48. 
f&tbe blood, 14G. 
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in All TimcB and Many Landi. By Jaues Partoh. SOS IIlDf- 

irations. 8to, Cloth, Uncut Edges and Gilt Tops, $5 00 ; Half 
Calf, $7 25. 

DU CHAILLU'S LAND OF THE MIDNIGUT SUN- Sam- 
mec and Winier Jonmeys in Sweden, Norway, Laitluod, anil 
Northern Finland. By PArr. B. Dc Cuaillit. Illustrated. 
3 Tols., Sro, Cloth, $7 CO ; Half Calf, $12 00. 

LOSSINGS CYCLOPEDIA OF UNITED STATES HISTQ. 
RY. From ibe Aboriginal I'criod to ISTti. By B. J. Los- 
BiHO, LL.D. IllustrnteJ by 2 Steel Portraiii and oTer lOOO 
Engravingi. 2 vols.. Royal Bvo, Cloth, $10 00; Sheep, SIDOO; 
Half Morocco, glS 00. {Sold 6jf Subscriplian only.) 

IDSSINGS FIELD-BOOK OF THE HEVOHmON. Pic- 
torial Field-Book of the Reioluilon: or, lllusirniians by Fen 
and Pencil of tho History, Biogrupby, Scenery, Relics, and Tra- 
iliiions of tba War for Imlependenrc. By Biinson J. Lomino. 
3 vols.. 6vo, Cloih, $14 00; Sheep or Roiin, $15 00; UalfCalf, 
$18 00. 



and Pencil of the History, Biogrejihy, Scenery, Relics, and Tra- 
ditions of the last War for American Independence. By BiH- 
soic J. LoSAtxa. With scTeml hnndred EngrarinKS. 1083 
pages, 8to, Cloih, $7 00; Sheep or Roan, $8 £0; Half Calf, 
$10 00. 

MULLEKS POLITICAL HISTORY OF RECENT TIMES 

(1816-1876). With Special Reference to Germany. By WitL- 
lAH Mi^LLEs. Tran-^lated, with an Appendix covering: the 
Period from 187G to 1881, by the Rer. Joii» P. Fetsbr, Fb.D. 
Vimo, Cloth, $3 00. 
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A ralMil* Work* for Fublie and PrieaU JSArarin. 



TREVELTAN'S LIFE OF MACADtAT. The Life ui<l 1 
ter> of I^rd MnmitkT. By hii Nepbew. G. Otto TBErELTaN. 
M.r. Wiih Poriraii on Steel. 2 yoI*.. 8vo, Cloih, Uncut 
Edge* nnd Gill Top«, $5 00 ; Sh«ep. #6 OO ; Half Culf, $9 50. 
Popular Edition, S toIs. ia one, ISmo, Clolh, $1 75. 

TBE\TU,yAN"S LIFE OF FOX. The Early nistoij of Cbatlci 
Junci Foi. Br Gkoiick Otto Tbsvkltaic. 8io, Cloih, Uo- 
cat E<lee« and Gill Topt, fS SO; Half Calf, |4 75. 

WRITINGS ASD SPEECHES OF SAMUEL J. TILDEN. 
Eililed bv Joan Biuelow. 3 voU., Sio, Clolb, Gilt Tops bd<1 
UncDt EJgea, t6 00 per set. 

GENERAL nix's MEMOUiS. Memoirs of Jobn Ailams Ux. 
Compiled by bU Sod, Hukc^s Dtx. With Fire Stcel-plaie 
Portrxiii. 2 vols., 8ro, Cloib, Gilt Topt and Uncut Edges, 

ts ou. 

UUSTS MEUOIH OP MRS. LIVIKGSTON. A Memoir of 
Mr*. EJnnnl Livingston. Willi Letters biibeno Unpublished. 
By LocuB LiT0QST«!( Udst. l-'mo, Cloih, (1 25. 

GEORGE ELIOT'S LIFE. George Eliot* Life, Rolated in her 
Letlcn and Journals. Arranged and Edited by her Ilua- 
bond, J. W. Cboss. Portrsils and Illnslralions. In Three 
Volumes. 12mo, Cloth, {3 7.i. Neir Edition, vitb Fresh Mat- 
ter. (Uniform with "Harper's Library Edition" of George 
Bli0l"s Works.) 

fEARS-S FALL OF CONSTANTINOPLE. Tbe Fall of Coii- 
■tantinoplc. Bcintc tbe Story of tbe Fonrtb Crosade. By 
Edwik fsAU, LL.B. 6to, Cloth, $S 50. 

UANKE'S UNIVERSAL HISTORY. Tbe Oldest Historical 
Group of Nations and iho Greeks. Bv Lkopold von B^KKk. 
EOitCiI by G. W. raoTHRBO, Fellon nnd Tutor of King's Col- 
lege, Cambridge. Vol.1. Svo, Clotb,t2 50. 

LIFE AND TIMES OF THE BEV. SYDNEY SMTTH. A 
Sketch of tlie Life and I'imes of the Rer. Sydney Stniib. 
Based on Fnmily Documents nnd the Recollections of Pononal 
Friends. By Situkt J. RctD. With Sieel-plale Portrait aod 



Ulutrmtioiu. 8to, Cloth, ^ 00. 



raluabU llorti for rabtk and rrUale Libimiea. 5 

BTANLETS THBOUGH THE DARK CONTINENT. Through 
lh« Dxrk Continenl ; or, The Saurcei of tlie Nile, Around Die 
Greit Lskei of EquBlorial Africa^ anJ Doirn the Liringstona 
niver to the Ailnoiic Ocean. 149 llluslraiinna and 10 Mepi. 
Br H. M. Staklet. 2 ToU., 6vo, Cloth, $10 00; SIigc[^ 
$i2 OQ; Half Morocco, $16 00. 

STANLEY'S CONGO. The Congo and the Founding of its 
Free Stale, u Siorj of Work and BiplorBtion. Wiih orcr Ods 
Hundred FulJ-page and smaller IHustrationa, Two Large Mapa^ 
and several smntler onea. By H. M. Stuilkt. 2 vols., 6>o, 
Cloth, ttO 00; Sheep,$l2 00; Half Morocco, $15 00. 

GEEEN'S ENGLISH PEOPLE. History of the English Peo- 
ple. Dr JoHK liiCEiABD Gbeuh, M.A. Wiih Maps. 1 voli., 
8io,Clo'lli, tlO 00; Sbeep,9l2 00; Half Calf, $19 00. 

GREEN'S MAKING OF ENGLAND. The Making of Eng- 
land. Bj John Riciutid Gbeus. Wiih Maps. 8vo, Cloth, 
C2 60', Sheep, tS 00; IlnlfCulf, $3 7.^. 

GREEN'S CONQUEST OF ENGLAND. The Conqncat of Eog- 
Innd. Bj John Ricdard Gkke^. With Miips. 8vo, Cloth, 
$2 GO; Sheep, $3 00; HnlfCBir, $3 75. 

BAKER'S ISMAlLtA : a NarratiTS of the Expedition to Centrnl 
Africa for iho Suppreicion of the Slave-lrade, organized by Is- 
mail, Khedire of Egvpi. By Sic SAUtrEl. W. BiSEa. With 
Maps, Portrails, and' Illustntioni. Sto, Cloth, $5 00; Half 
Coir, tT 2S. 

ENGLISH MEN OF LETTERS. Edited by Jonx Moblbt. 

The following volumes are now ready. Olher« will follow: 

Jousaos. By L. Blephen.— Ci»»0!i. By J. C. Harlna Bdott. Bt R. B 

Hullon.-amu.n. By J. A. Hymnpila-OoiBHirrB. Uy W. DlKk.— Bdm. 
By FrofMsor Huiley.— Dirot By W. Hlnlo.— Bouia By Principal Slialrp. 
-^FiNgia By R- W. Chareb.— TOACHUT. By ^ Tnllope.— Briiia. By 
J. Horley.— UiLTox. By H, FilUun.— Sai-Tan. By E. Dswden.— CaAnaou 
By Jl. W. Ward.— BiniTi!i. By J. A. Frmilai— Ooirna. By a. Smith.— 
Fori. By L. SMpbsa.— Bvaon. By J. Hlcbgls.— LoaiK. By T. Fowlsr.— 
WoantwoRTn. By P. W. H. Kyem — Haiithobbii. By Hcniy Jamw, Jr.— 
Dbtdii. By O.SiiuUtiury.— I^AnDOit. By B.CdvlD — 1>* Qdhcit. By n, 
lluaoD.— Lin. fly A. AlojBr.— BuimaT. By B. C. Jabli— Dicitna. By 

A.W. Word. —Ghat. By E.W.GaSiii.— Smn, ByL.St«pta«i SnuiB. By 

H. D, IrsllL— Uaqaolai. By J. C. MorUon.— fiaLDim. fly A. Oobwjo.— 
~ "raOllphBdU— Adbibo!!. By W. J. Coarthope,— ~ 




6 Talm^U Worki for Putfia omi) iVtmiia Xihvrie*. 

COLEBrDQE'S WOEKS. The Complete Works of Sumael Tbjt- 
lor ColeriJge. Willi nn Iniroduclorj Essa^upon hUPliiloBO|iii- 
ical and Tlieoloeicnl Opinioae. Eiiiieil bj Professor W. G. T. 
Shedd. With Sleel Porlrail, nnd nn Index. 7 vols,, 18ini\ 
CIo(b,#2 00 por volume i (12 OOpcraei; Half Calf, $24 iG. 

BEBER'S MEDIEVAL ABT. HisloT of MedioToI Art. B/ 
Dr. FuABz voa Kebeb. Tranalntod nitd Anginenied lij Joseph 
ThBolier Clarke. Willi 423 llliiatrmionB, nod ■ Oloasary ol 
Tethnkal Torma. fivo, Cloili, *5 00. 

HEBER'S HISTORY OF ANCIENT ART. Hiatory of Andeni 

Arl. 11/ Dr. Frakz voh Rebeb. Ro'iacd bj ibe Aolhor. 

Tranilaied and Augiaenteil bf Joaeph Thacber Clotke. Wiib 

SIO Illuttrations aod a Gloaaar; of Technical Teniu. Sio, 

Cloth, 93 GO. 
HEWCOMB'S ASTRONOMY. Popular ABtronomi. By 8i- 

iiofl NEn'UoMO, LL.D. With 113 EngraiiogB, and 5 Miipi of 

tho Siara. Bvo, Cloth, $2 50; School Edition, IZmo, Cloih, 

$1 30. 
VAS-LENNEP'S BIBLE LANDS. BiUo Lands: ihcir Modem 

Cnatoms and Manners Illastralive o( Scriplare. By IltMBT J. 

Vak-Lemnep, D.D. 3S0 EnRraTinga nnd S Colored Mnpj. 

8vo, Clolh, tS 00 ; Sheep, 96 00 ; Half Morocco, %% 00. 
CESNOLA'S CYPRUS. Crpnis : iu Ancient Ciiioi, Tombs, nnd 

Temples. A NarratifB of Reicarcbei and Excavelions during 

Ten Years' Residence in tbnt Iiland. By L. P. ■>! Cksnol*,. 

With Portrait, ftlnps, and 400 IlluBtrnliona, 8vo, Cloih, ExUa, 

Uncut Edges and Gilt Tops, $17 GO. 
TENNYSON'S COMPLETE POEMS. Tho Complete Poetical 

Works of Alfred, Lord Tennyson. Wilh an Inlroduclory Sketch 

by Anne Thackorav Klcliic, Wilb PortraJls and lUustrationt. 

ero, Extra Cloth, Berelled, Gilt Edgea, $2 GO. 
SHORTS NORTH AMERICANS OF ANTIQUITY. The North 

Americaoa of Antiquity. Tbeir Origin, Migralioua. and Type 

of Civiliuxtion Considered. By Jouii T. SnoBT. Illustrated. 

Std, Clotb, S3 00. 
FLAMMARION'S ATMOSPHERE. Translated froin the French 

of Ct.i«Lt,B FLimuBioTt. With 10 Cbromo -Lithograph* and 

8G Wood-cats. 8to, Clotb, ^S 00 ; Half Calf, 98 SS. 



FalMabla ITorki far Publh and Pi-ivatt Libraritt. 7 

I QSOTE'8 BISTORT OF GREECE. 12 >oU., 12uio, Clotb, 



91B 00; Siieep,«22 80; Half CBir,$3Q 00. 

•• THE FRIENDLY EDITION '■ of Shotespearea Woi ka. 
' ea by W. J. RouB. In 20 vols. lUualratud. ICino, 

Topi and Uncut £Je°>i Sbccta, 927 00 ; Clotli, f 30 00 ; 

Calf, tec 00 per Sei. 

GIESELER'S ECCLESIASTICAL HISTORY. A Texl-Bw*; 
or Chnrcb Hiitorj. By Dr. John C. L. GiBiiSLKB, TrnTisInt- 
ed rrom Ihe Poartk ReviMd Qornian Edition. Revised and 
Edited by Rav. Hbkrt B. Smith, D.D. Vol*. I.. II . 111., and 
IV., BT0.CI0II1, ^aaseach; Vol. V., 8ro, Cloth, f3 00. Coiu- 
pleie ScK, 5 ToU , Slieep, $U 50 ; Uslf Calf, $23 S6. 

LIVINGSTONE'S ZAMBESI. NorratiTa of nn Eipediiion lo 
the Zambesi and in Tributaries, and of Ilie Discovery of tlie 
Lakei Sbirira and Njmun, 1858 lo 18G1. B/ Bxvio and 
CB*Bt.BB LtviNcaTottx. lllusttiited. 8to, Cloth, $6 00; Sbecp, 
$5 CO; Half Calf, 97 2u. 

LIVINGSTONE'S LAST JOURNALS. Tbo Lml Joumata of 
David Livingitone, in Central Africa, ftom 1866 10 hi< Death. 
Coolioaed by a Narrative of his Last Moments, obtained from 
bis Faithful Servants Chuma and Susi. Bj Hobace Wallek. 
With Portrait, Maps, and IllustrnliDnB. 8»o, Cloth, $S 00; 
Sheep, $G 00. 

BLAIKIE'S LIFE OF DAVID LIVINGSTONE. Memoir of 
his Personal Life, from his Unpnbliahed Journal* and Corre- 
spondence. By W. G. Blaikie, D.D. Witb Portrait and 

Map. 8vo, Cloth, $2 2n. 

I CURTIS'S LIFE OF BUCHANAN. Life of James Bncbanan,. 
f Fifieentfa President of the United Stnicn. By Geoiiok Tick-' 

iioa Cdbtis. With Two Siccl Plate Portroits. 3 vols., 8vo, 

Cloth, Uneut Edges nnd Gilt Tops, $6 00, 

GRIFFIS'S JAPAN. Tho Mihndo'a Empire = Bonk I. History 
of Japan, from 660 B.C. lo 1872 A.D. Book II. Personal Ex- 
periences, Obtertatiuns, and Studies in Japan, from I8T0 10 
1874. AVilh Two Supplementary Chapters: Jupan in 1883, 
and Japan in 1B86. By W. E. GBiFtis. Copiously Illustrated. 
8T0,ClDth, t4 00; HalfCalf, 36 20. 
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B i'alHobh n'ortt/ur Pitblic riurf I'lieale Librarki. 

THE l-OETS AND I'OKTRY OF SCOTLAND; Prom ihe 
Kiirlieat lo Ihs Present Time. Compriting Characteriille 5«- 
lefliona from Ihe Works of Ihe more Nolewortby Scoltiih 
Poets, wiib Biographical nod CriLical Noiiceg. B; Jameb 
Gbaut WiLsoK. With Portmiti on Sieel. 2 role., Bvo, Clolh, 

• $10 00; Gilt Edgen,}!! 00. 

SCHUEMANNS ILIOS. llios. the Civ ""d Cooniry of iha 
Trojani. A Narrative of the Most Ilccent Uincoveriei nnd Be- 
searcbea made on the Plain of Tror. Bj Dr. Ubnbv Souuk- 
iLuiH, Mn[ii, Plans, and lltustralions. Imperial Sro, IIlu- 
ininated Cloth, {13 00; Ualf Morocco, $1S 00. 

SCHtlEMANN-S TROJA. Trojn. Results of the Latest Re- 
Bearchei and Diflcoteriea on the Site of llomer'a Tror, and in 
Ihe Heroic Tumuli and other Siles, mode in the V«Br ISSS, and 
n Narrative of a Journey in ilieTroail in 1881. By Dr. Hkw- 
RT BcaiiiEKAira. I'refnca by trofes*or A, H. Snvco. With 
Wood-cms, Mips, and Pinna. 8vo, Ctoih, $T SO; Half Moroc- 
co, $10 00. 

SCHWEINFURTH'S HEART OF AFRICA. Three Year,' 
TrareUand Adtcntures in t lie Unexplored Rpsions of the Cen- 
tre of Africa — from 18B8 lo 1871. Bj GsoBO ScffwEiii- 
vuBTB. Tranilaled by&LLEnE. Fbeweb, lUiutraied. 3 roll., 
Bto, Cloth, J3 00. 

SMILES'S HISTORY OF THE HUGUENOTS. ITie Hugoe- 
□oti: their Settlements, Churchea, and InduatliM in England 
and Ireland. By Samuel Suiles. With an Appendix rela- 
ting to Ihe Hnguonots in America. Croirn, 6ro, Cloth. $2 00. 

SMILES'S HUGUENOTS AFTER THE REVOCATION. The 
Hugucnota in France after the Revocation of Ihe Edict of 
Nnnlea ; with a ViaJI to Ihe Coaniry of the Vauiloii. By Sam. 
uw. SniLKs. Crown 8vo, Cloih, $2 00. 

SMILES'S LIFE OF THE STEPIIENSONS. The Life of 
George Stephenaon, and of hia Sod, Hohcrt Stephenson ; eora- 
priiing, alio, B History of the InvGniioo nnd Iniroduction of 
the Bailnay Locomotito. By Saudbl Smiles. Illualralad. 
8to, Cloth, $3 00. 
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